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���� $3(/���3-0�7HVW�6WDQG������������������������������������������������������������������������������������������������������������������
���� ����3-0�7HVW�6WDQG�'HVFULSWLRQ �����������������������������������������������������������������������������������������������������
���� 6FDOHG�3URWRW\SLF�7HVW�6WDQGV ���������������������������������������������������������������������������������������������������������
������ 8)3�3URWRW\SH�9HVVHO���������������������������������������������������������������������������������������������������������������
������ /DJ�6WRUDJH�3URWRW\SLF�9HVVHO ������������������������������������������������������������������������������������������������
������ 6\VWHP�2SHUDWLRQ�DQG�'DWD�$FTXLVLWLRQ ���������������������������������������������������������������������������������
������ 0L[LQJ�(IIHFWLYHQHVV�'HWHUPLQDWLRQ���������������������������������������������������������������������������������������
������ 6ROLGV�6XVSHQVLRQ�8QGHU�7XUEXOHQW�&RQGLWLRQV����������������������������������������������������������������������
������ 9LVXDO�2EVHUYDWLRQV�'XULQJ��'\H��7UDFHU�7HVWV ���������������������������������������������������������������������
������ 6SHFLILF�2EVHUYDWLRQV�'XULQJ�*DV�5HWHQWLRQ�DQG�5HOHDVH�7HVWV ��������������������������������������������
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���� *DV�5HWHQWLRQ�DQG�5HOHDVH �������������������������������������������������������������������������������������������������������������
���� 7UDFHU�7HFKQLTXHV ��������������������������������������������������������������������������������������������������������������������������
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����'HVFULSWLRQ�RI�6HOHFWHG�3UHWUHDWPHQW�)DFLOLW\�'HVLJQV ���������������������������������������������������������������������������
���� 8OWUDILOWUDWLRQ�)HHG�3URFHVV�9HVVHO��8)3�96/������$�%� �����������������������������������������������������������
������ +/:�/DJ�6WRUDJH�9HVVHO��+/3�96/������$�%� �������������������������������������������������������������������
������ +/:�%OHQG�9HVVHO��+/3�96/������� �����������������������������������������������������������������������������������

����*DV�5HWHQWLRQ�DQG�5HOHDVH�LQ�6HOHFWHG�3URWRW\SH�9HVVHO�&RQILJXUDWLRQV�����������������������������������������������
���� 3ULQFLSOH�DQG�$SSURDFK �������������������������������������������������������������������������������������������������������������������
���� *DV�+ROGXS�LQ�1RUPDO�2SHUDWLRQV ��������������������������������������������������������������������������������������������������
���� *DV�5HOHDVH�DIWHU�0L[LQJ�6\VWHP�5HVWDUW ���������������������������������������������������������������������������������������
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$SSHQGL[�$���7HFKQLFDO�%DVLV�IRU�6FDOHG�7HVWLQJ�RI�:73�0L[LQJ�9HVVHOV��
� � ZLWK�1RQ�1HZWRQLDQ�6OXUULHV�������������������������������������������������������������������������������������������������������$���
$SSHQGL[�%���'\H�0HWKRG ������������������������������������������������������������������������������������������������������������������������ %���
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������7RS�9LHZ�RI�WKH�/6�3URWRW\SH�7HVW�6WDQG�DQG�1RPLQDO�'LPHQVLRQV���������������������������������������������������
�������3ODQ�9LHZ�RI�WKH�/6�3URWRW\SH�7HVW�6WDQG�DQG�1RPLQDO�'LPHQVLRQV ������������������������������������������������
�������6FKHPDWLF�RI�WKH�����1R]]OH�LQ�WKH�/6�3URWRW\SH�7HVW�6WDQG��������������������������������������������������������������
�������5HFLUFXODWLRQ�3XPS�'LVFKDUJH�1R]]OHV�8VHG�LQ�/6�6HTXHQFH���������������������������������������������������������
�������7RS�9LHZ�RI�WKH�5HFLUFXODWLRQ�1R]]OHV�LQ�WKH�7DQN�IRU�/6�6HTXHQFH����������������������������������������������
�������'LDJUDP�RI�6SDUJLQJ�([SHULPHQWDO�6HWXS�������������������������������������������������������������������������������������������
�������'LDJUDP�RI�6SDUJLQJ�([SHULPHQW�&RQFHSWV����������������������������������������������������������������������������������������
�������6XPPDU\�RI�7UDFHU�'\H�7HFKQLTXH�6WHSV�������������������������������������������������������������������������������������������
�������6FKHPDWLF�RI�/6�9HVVHO�7UDFHU�6DPSOLQJ�/RFDWLRQV ��������������������������������������������������������������������������
�������6FKHPDWLF�RI�8OWUDILOWUDWLRQ�3URFHVV�9HVVHO�7UDFHU�6DPSOLQJ�/RFDWLRQV��������������������������������������������
������5KHRJUDP�RI�$FWXDO�+/:�3UHWUHDWHG�6OXGJH�6DPSOHV�ZLWK�8SSHU�%RXQG�5KHRORJLFDO�&XUYH������������
������)ORZ�%HKDYLRU�&RPSDULVRQ�RI�3-0�6LPXODQWV�DQG�$FWXDO�+/:�3UHWUHDWHG�6OXGJH ����������������������������
������3HUFHQW�0L[HG�9HUVXV�<LHOG�5H\QROGV�1XPEHU�IRU�8)3�3URWRW\SH�7HVW�6WDQG�'XULQJ��

9DULRXV�2SHUDWLQJ�&RQGLWLRQV����������������������������������������������������������������������������������������������������������������
������3HUFHQW�0L[HG�9HUVXV�<LHOG�5H\QROGV�1XPEHU�IRU�/6�3URWRW\SH�7HVW�6WDQG�'XULQJ��

9DULRXV�2SHUDWLQJ�&RQGLWLRQV����������������������������������������������������������������������������������������������������������������
������=2,�DQG�52%�6SDUJHU�'LDPHWHUV�DW�9DULRXV�$LU�)ORZ�5DWHV����������������������������������������������������������������
������$GMDFHQW�=2,�DQG�52%�,QWHUDFWLRQ�2SWLRQV �����������������������������������������������������������������������������������������
������8)3�96/������$�%�0L[LQJ�6\VWHP�/D\RXW�±�3ODQ�9LHZ �������������������������������������������������������������������
������8)3�96/������$�%�0L[LQJ�6\VWHP�/D\RXW�±�(OHYDWLRQ�9LHZ �����������������������������������������������������������
������6SDUJH�$LU�5HTXLUHPHQWV�DQG�5HVXOWLQJ�=RQHV�RI�,QIOXHQFH�±�8)3�96/������$�% ���������������������������
������3-0�'HWDLOV�±�8)3�96/������$�% ������������������������������������������������������������������������������������������������������
������2XWHU�3-0�1R]]OH�'HWDLO�±�8)3�96/������$�% ���������������������������������������������������������������������������������
������+/3�96/������$�%�0L[LQJ�6\VWHP�/D\RXW�±�3ODQ�9LHZ �������������������������������������������������������������������
������+/3�96/������$�%�0L[LQJ�6\VWHP�/D\RXW�±�(OHYDWLRQ�9LHZ�����������������������������������������������������������
������+/3�96/������$�%��+/3�96/�������5HFLUFXODWLRQ�-HW�/D\RXW�±�3ODQ�9LHZ�����������������������������������
������6SDUJH�$LU�5HTXLUHPHQWV�DQG�5HVXOWLQJ�=RQHV�RI�,QIOXHQFH�±�+/3�96/������$�%���������������������������
�������3-0�'HWDLOV�±�+/3�96/������$�%��+/3�96/������ ����������������������������������������������������������������������
�������2XWHU�3-0�1R]]OH�'HWDLO�±�+/3�96/������$�%��+/3�96/������ �������������������������������������������������
�������6SHFLILF�/RFDWLRQ�RI�6SDUJHUV�LQ�WKH�+/:�%9�$ORQJ�ZLWK�$LU�)ORZ�5HTXLUHPHQWV ��������������������������
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�������1XPEHU�DQG�/RFDWLRQ�RI�6SDUJHUV�LQ�WKH�+/:�%9�$ORQJ�ZLWK�$LU�)ORZ�5HTXLUHPHQWV ������������������
������*DV�)UDFWLRQ�DV�D�)XQFWLRQ�RI�7LPH�'XULQJ�DQG�$IWHU�D�*DV�+ROGXS�7HVW�LQ�WKH��

$3(/�/6�3URWRW\SH��������������������������������������������������������������������������������������������������������������������������������
������*DV�+ROGXS�7HVW�5HVXOWV�LQ�$3(/�83)�3URWRW\SH�8VLQJ�7ZR�6HWV�RI�2SHUDWLQJ�&RQGLWLRQV ��������������
������*DV�5HOHDVH�IURP�*HOOHG�&OD\�LQ�WKH�$3(/�/6�3URWRW\SH� �������������������������������������������������������������������
������*DV�5HOHDVH�IURP�*HOOHG�&OD\�LQ�WKH�$3(/�/6�3URWRW\SH�6KRZLQJ�$GGLWLRQDO�*DV�5HOHDVH�

5HVXOWLQJ�IURP�2SHUDWLRQ�RI�(LJKW�6SDUJHUV��6HTXHQFH���� ������������������������������������������������������������������
������*DV�5HOHDVH�IURP�*HOOHG�&OD\�DW�����+�'�LQ�WKH�$3(/�8)3�3URWRW\SH��6HTXHQFH��� ��������������������������
������*DV�5HOHDVH�IURP�*HOOHG�&OD\�DW�����+�'�LQ�WKH�$3(/�8)3�3URWRW\SH��6HTXHQFH��� ��������������������������
�
�

7DEOHV�
�
������8)3�7HVW�6HTXHQFHV�3UHVHQWHG�LQ�WKLV�'RFXPHQW�DQG�&RUUHVSRQGLQJ�3-0��6SDUJHU���

DQG�5HFLUFXODWLRQ�3XPS�&RQILJXUDWLRQV ������������������������������������������������������������������������������������������������
������/6�7HVW�6HTXHQFHV�3UHVHQWHG�LQ�WKLV�'RFXPHQW�DQG�WKH�&RUUHVSRQGLQJ�3-0��6SDUJHU���

DQG�5HFLUFXODWLRQ�3XPS�&RQILJXUDWLRQV �����������������������������������������������������������������������������������������������
������3K\VLFDO�DQG�5KHRORJLFDO�3URSHUWLHV�WKDW�+HOS�'HILQH�6LPXODQWV�IRU�5DWLQJ�RU��

4XDOLI\LQJ�)OXLGLF�0L[LQJ�6\VWHPV �������������������������������������������������������������������������������������������������������
������5KHRORJLFDO�0RGHO�)LWV�IRU�/6�3URWRW\SH�3-0�6LPXODQWV�DW�$PELHQW�7HPSHUDWXUH �����������������������������
������5KHRORJLFDO�0RGHO�)LWV�IRU�8)3�3URWRW\SH�3-0�6LPXODQWV�DW�$PELHQW�7HPSHUDWXUH ��������������������������
������5KHRORJLFDO�0RGHO�)LWV�IRU�/6�3URWRW\SH�3-0�6LPXODQWV�DW�$PELHQW�7HPSHUDWXUH �����������������������������
������7HVW�&RQGLWLRQV�DQG�3HUFHQW�0L[HG�5HVXOWV�IRU�7HVWV�3HUIRUPHG�LQ�8)3�7HVW�6WDQG ���������������������������
������7HVW�&RQGLWLRQV�DQG�3HUFHQW�0L[HG�5HVXOWV�IRU�7HVWV�3HUIRUPHG�LQ�/6�7HVW�6WDQG ������������������������������
������7HVW�&RQGLWLRQV�DQG�5HVXOWV�RI�6ROLGV�/LIW�7HVWV�3HUIRUPHG�LQ�8)3�3URWRW\SH�7HVW�6WDQG�������������������
������7HVW�&RQGLWLRQV�DQG�5HVXOWV�RI�6ROLGV�/LIW�7HVWV�3HUIRUPHG�LQ�/6�3URWRW\SH�7HVW�6WDQG ���������������������
������6XPPDU\�RI�*DV�+ROGXS�LQ�WKH�/6�9HVVHO���������������������������������������������������������������������������������������������
������6XPPDU\�RI�*DV�+ROGXS�LQ�8)3�9HVVHO������������������������������������������������������������������������������������������������
�
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$FURQ\PV�DQG�$EEUHYLDWLRQV�
�
DFIP� � � � DFWXDO�FXELF�IHHW�SHU�PLQXWH�
$3(/� � � � $SSOLHG�3URFHVV�(QJLQHHULQJ�/DERUDWRU\�
%+5*� � � � %+5�*URXS�
%9�� � � � EOHQG�YHVVHO�
FIP�� � � � FXELF�IHHW�SHU�PLQXWH�
&&1� � � � FRUUHVSRQGHQFH�FRQWURO�QXPEHU�
&)'� � � � FRPSXWDWLRQDO�IOXLG�G\QDPLFV�
'$&6� � � � GDWD�DFTXLVLWLRQ�DQG�FRQWURO�VRIWZDUH�
'%7� � � � GHVLJQ�EDVLV�HYHQW�
)(3� � � � )HHG�(YDSRUDWLRQ�3URFHVV�6\VWHP��
)03� � � � )OXLG�PL[LQJ�3URFHVVHV�
)53� � � � )HHG�(YDSRUDWLRQ�3URFHVV�6\VWHP��
JSP� � � � JDOORQV�SHU�PLQXWH�
*5	5� � � � JDV�UHWHQWLRQ�DQG�UHOHDVH�
+�'� � � � UDWLR�RI�VOXUU\�KHLJKW�WR�YHVVHO�GLDPHWHU��
+/3� � � � +/:�/DJ�6WRUDJH�DQG�)HHG�%OHQGLQJ�3URFHVV�6\VWHP��
+/:� � � � KLJK�OHYHO�ZDVWH�
,'� � � � � LQQHU�GLDPHWHU�
,76�� � � � LPSRUWDQW�WR�VDIHW\�
-33�� � � � MHW�SXPS�SDLU�
/$:� � � � ORZ�DFWLYLW\�ZDVWH�
/5%� � � � ODERUDWRU\�UHFRUG�ERRN�
/6� � � � � ODJ�VWRUDJH��
2'�� � � � RXWHU�GLDPHWHU�
3-0� � � � SXOVH�MHW�PL[HU�
39&� � � � SRO\YLQ\O�FKORULGH�
3:'� � � � 3ODQW�:DVK�DQG�'LVSRVDO�6\VWHP��
5	'� � � � UHVHDUFK�DQG�GHYHORSPHQW�
5	7� � � � UHVHDUFK�DQG�WHFKQRORJ\�
5'�� � � � UKHRORJLFDO�DGGLWLYH�
5'3� � � � 6SHQW�5HVLQ�&ROOHFWLRQ�DQG�'HZDWHULQJ�3URFHVV�6\VWHP��
5)'� � � � UHYHUVH�IORZ�GLYHUWHU�
52%� � � � UHJLRQ�RI�EXEEOHV�
VFIP� � � � VWDQGDUG�FXELF�IHHW�SHU�PLQXWH�
7(3� � � � 7HFKQHWLXP�(OXDQW�5HFRYHU\�3URFHVV��
7;3� � � � 7HFKQHWLXP�,RQ�([FKDQJH��
8+3� � � � XOWUDILOWUDWLRQ�IHHG�SURFHVV�
9)'� � � � YDULDEOH�IUHTXHQF\�GULYH�
:73� � � � :DVWH�7UHDWPHQW�3ODQW�
=2,� � � � ]RQH�RI�LQIOXHQFH�
�
�
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���� ,QWURGXFWLRQ�
�
���� %DFNJURXQG�
�
7KH�3XOVH�-HW�0L[HU��3-0��7DVN�7HDP��5	7��(QJLQHHULQJ��5	'��DQG�PL[LQJ�FRQVXOWDQWV��GHYHORSHG�DQ�
LQWHJUDWHG�VWUDWHJ\�IRU�VFDOHG�WHVWLQJ�WR�YDOLGDWH�3-0�PL[LQJ�LQ�:DVWH�7UHDWPHQW�3ODQW��:73��YHVVHOV�
FRQWDLQLQJ�QRQ�1HZWRQLDQ�IOXLGV�LQ�-XQH��������7KH�VFDOHG�3-0�PL[LQJ�WHVWV�ZHUH�WR�SURYLGH�LQIRUPDWLRQ�
RQ�WKH�RSHUDWLQJ�SDUDPHWHUV�FULWLFDO�IRU�WKH�XQLIRUP�PRYHPHQW��WRWDO�PRELOL]DWLRQ��RI�WKHVH�QRQ�
1HZWRQLDQ�VOXUULHV���,Q�DGGLWLRQ��WKH�:73�SURMHFW�IXQGHG�ZRUN�WR�GHWHUPLQH�:73�VSHFLILF�K\GURJHQ�
JHQHUDWLRQ�UDWH�VRXUFH�WHUPV�DQG�JDV�WUDQVSRUW�FKDUDFWHULVWLFV�LQ�UHSUHVHQWDWLYH�VFDOHG�SURWRW\SLF�PL[LQJ�
FRQILJXUDWLRQV�GXULQJ�3-0�RSHUDWLRQ���7KH�JDV�WUDQVSRUW�WHVWLQJ�LQFOXGHG�JDV�UHWHQWLRQ�DQG�UHOHDVH�
�*5	5��FKDUDFWHULVWLFV�ZLWKLQ�QRQ�1HZWRQLDQ�VOXUULHV�GXULQJ�PL[LQJ�RSHUDWLRQV�WR�VXSSRUW�GHVLJQ�RI�WKH�
3-0�PL[LQJ�V\VWHPV��WR�XQGHUVWDQG�WKHVH�FKDUDFWHULVWLFV�ZLWKLQ�WKH�VHOHFWHG�PL[LQJ�V\VWHP��DQG�WR�DOORZ�
IRU�GHYHORSPHQW�RI�QRUPDO�RSHUDWLRQ�DQG�SRVW�GHVLJQ�EDVLV�HYHQW��'%(��PL[LQJ�VWUDWHJLHV����
�
,QLWLDO��SK\VLFDO��VFDOHG�WHVWLQJ�FRQILUPHG�LQ�2FWREHU������WKDW�WKH�EDVHOLQH�SXOVH�MHW�GHVLJQV�LQ�WKHVH�
YHVVHOV�GLG�QRW�PL[�WKH�QRQ�1HZWRQLDQ�VOXUULHV�WR�WKH�H[WHQW�QHFHVVDU\�WR�PHHW�:73�GHVLJQ�UHTXLUHPHQWV���
3KDVH�,�RI�WKH�3-0�SURJUDP�GHYHORSHG�DQ�DOWHUQDWLYH�³3-0�RQO\´�FRQILJXUDWLRQ�WKDW�PL[HG�WKH�YHVVHOV�
FRQWDLQLQJ�QRQ�1HZWRQLDQ�VOXUULHV�LQ�DFFRUGDQFH�ZLWK�:73�GHVLJQ�UHTXLUHPHQWV�WRZDUG�WKH�HQG�RI�
1RYHPEHU��������3KDVH�,�VFDOHG�JDV�UHWHQWLRQ�DQG�UHOHDVH�WHVWLQJ�GHPRQVWUDWHG�WKDW�WKH�:73�FRXOG�
SURYLGH�VDIH�JDV�FRQWURO�ZLWK�WKHVH�FRQILJXUDWLRQV�LQ�'HFHPEHU��������,Q�WKH�VDPH�WLPH�IUDPH��WKH�
K\GURJHQ�JHQHUDWLRQ�UDWH�VRXUFH�WHVWLQJ�ZDV�FRPSOHWHG�XVLQJ�DFWXDO�ZDVWH�VDPSOHV�IURP�³H[SHFWHG�ZRUVW�
FDVH´�WDQNV��DQG�D�EHWWHU�FRUUHODWLRQ�WR�SUHGLFW�K\GURJHQ�JHQHUDWLRQ�IRU�XVH�E\�WKH�:73�3URMHFW�ZDV�
GHYHORSHG���:KLOH�WKH�DOWHUQDWLYH�3-0�FRQILJXUDWLRQ�ZDV�DFFHSWDEOH��LPSOHPHQWDWLRQ�RI�WKH�3-0�RQO\�
PL[LQJ�V\VWHPV�VHYHUHO\�LPSDFWHG�WKH�:73�IDFLOLW\�GHVLJQV�GXH�WR�LQFUHDVHG�QXPEHUV�RI�3-0V��DGGLWLRQDO�
SLSLQJ��DQG�WKH�VLJQLILFDQWO\�LQFUHDVHG�DLU�FRQVXPSWLRQ�QHFHVVDU\�WR�RSHUDWH�WKHVH�V\VWHPV����
�
7R�PLQLPL]H�WKH�LPSDFW�WR�WKH�RYHUDOO�SURMHFW�FRVW�DQG�VFKHGXOH��WKH�3-0�7DVN�7HDP�ZDV�GLUHFWHG�WR�
GHYHORS�3-0�K\EULG�PL[LQJ�V\VWHPV�WR�UHGXFH�WKH�:73�LPSDFW���3KDVH�,,�RI�WKH�3-0�SURJUDP�LQYHVWL�
JDWHG�IXUWKHU�DOWHUQDWLYH�FRQILJXUDWLRQV�WR�DVVHVV�WKH�HIIHFWV�RI�VOXUU\�UKHRORJ\�FKDQJHV��UHGXFHG�WDQN�
YROXPH��3-0�MHW�YHORFLW\�DQG�QR]]OH�VL]H��VSDUJLQJ��DQG�UHFLUFXODWLRQ�SXPS�RSHUDWLRQ���3KDVH�,,�3-0�
K\EULG�PL[LQJ�V\VWHPV�UHFHQWO\�FRPSOHWHG�DGGLWLRQDO�WHVWLQJ�WR�FRQILUP�WKDW�WKH�PRGLILHG�FRQILJXUDWLRQV�
PL[�QRQ�1HZWRQLDQ�VOXUULHV�LQ�DFFRUGDQFH�ZLWK�:73�GHVLJQ�UHTXLUHPHQWV���3-0�K\EULG�PL[LQJ�V\VWHPV�
*5	5�WHVWLQJ�FRQILUPHG�WKDW�WKH�VHOHFWHG�3-0�FRQILJXUDWLRQ�SURYLGHV�VDIH�JDV�FRQWURO�LQ�DFFRUGDQFH�ZLWK�
:73�GHVLJQ�UHTXLUHPHQWV��
�
7KLV�GRFXPHQW�GHVFULEHV�WKH�3-0�K\EULG�PL[LQJ�V\VWHPV�JRDOV��PL[LQJ�RSHUDWLRQ�PRGHV��WHVW�VWDQGV�DQG�
H[SHULPHQWDO�PHWKRGV��VHOHFWHG�FRQILJXUDWLRQV��DQG�WHVWLQJ�GDWD�VXSSRUWLQJ�WKH�XOWUDILOWUDWLRQ�IHHG�SURFHVV�
�8)3���8)3�96/������$��%���+/:�ODJ�VWRUDJH��+/3�96/������$�%��DQG�+/:�EOHQG��+/3�96/�
�������YHVVHO�FRQILJXUDWLRQV�VHOHFWHG�E\�WKH�3UHWUHDWPHQW�)DFLOLW\�7HDP�DQG�&HQWUDO�(QJLQHHULQJ��
�
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���� 'HVLJQ�*RDOV�IRU�WKH�3KDVH�,,�3-0�+\EULG�0L[LQJ�6\VWHPV�
�
,Q�FRQMXQFWLRQ�ZLWK�(QJLQHHULQJ��3UHWUHDWPHQW�DQG�+/:�9LWULILFDWLRQ�)DFLOLWLHV��DQG�3URMHFW�0DQDJHPHQW�
SHUVRQQHO��WKH�3-0�7DVN�7HDP�FRQGXFWHG�WKH�K\EULG�PL[LQJ�V\VWHPV�WHVWLQJ�SURJUDP�ZLWK�WKH�IROORZLQJ�
VXFFHVV�FULWHULD�DQG�FRQVWUDLQWV��

�� $FKLHYH�FRPSOHWH�PL[LQJ��L�H���QR�VWDJQDQW�UHJLRQV��ZLWK�WXUEXOHQW�FRQGLWLRQV�LQ�WKH�PDMRULW\�RI�
WKH�VOXUU\�YROXPH���7XUEXOHQW�PL[LQJ�FRQGLWLRQV�HQKDQFH�KHDW�WUDQVIHU�ZLWKLQ�WKH�YHVVHO���
7XUEXOHQW�PL[LQJ�IDFLOLWDWHV�WKH�VXVSHQVLRQ�RI�ZDVWH�SDUWLFOHV��

�� 8VH�WKH�EDVHOLQH�3-0V�WR�PL[�LQ�WKH�ERWWRP�RI�WKH�YHVVHOV��VXSSOHPHQWDO�PL[LQJ�ZRXOG�EH�XVHG�WR�
PL[�WKH�XSSHU�SRUWLRQ�RI�WKH�YHVVHOV��

�� /LPLW�WKH�3-0V�WR�WKH�RULJLQDO�EDVHOLQH�GHVLJQ��ZKLFK�LQFOXGHV�D���LQFK�H[LW�QR]]OH��KRZHYHU��WKH�
VWDQGDUG�MHW�SXPS�SDLUV��-33V���ZKLFK�XVH�FRPSUHVVHG�DLU�DV�WKH�PRWLYH�IRUFH�WR�GULYH�WKH�SXOVH�
WXEHV��ZLOO�EH�XSJUDGHG�WR�DOORZ�IRU�D�QR]]OH�YHORFLW\�RI����P�V���7KH�QXPEHU�RI�3-0V�LV�OLPLWHG�
WR�VL[�LQ�WKH�XOWUDILOWUDWLRQ�IHHG�SURFHVV��8)3��YHVVHO�DQG�HLJKW�LQ�WKH�ODJ�VWRUDJH��/6���

�� 7DUJHW�WKH�QRQ�1HZWRQLDQ�VOXUU\�UKHRORJ\�LQ�WHUPV�RI�\LHOG�VWUHVV�IURP���WR����3D�EDVHG�RQ�DFWXDO�
SUHWUHDWHG�ZDVWH�GDWD�IURP�7DQNV�&�����DQG�$=������UHVSHFWLYHO\����

�� 'R�QRW�XVH�WKH�8)3�UHFLUFXODWLRQ�SXPS�DERYH�D�YHVVHO�VOXUU\�KHLJKW��+��RYHU�YHVVHO�GLDPHWHU��'��
UDWLR�RI������

�� 0L[�WKH�/6�DQG�EOHQG�YHVVHOV�WR�WKH�UHTXLUHG�+�'�UDWLR�RI�������ZLWK�SUHWUHDWHG�ZDVWH�VOXUULHV�
KDYLQJ�D�\LHOG�VWUHVV�RI����3D��

�� 2SHUDWH�WKH�DLU�VSDUJH�V\VWHPV�ZLWKLQ�WKH�FRQVWUDLQWV�RI�WKH�3UHWUHDWPHQW�)DFLOLW\�YHVVHO�YHQW�
V\VWHP��L�H���WRWDO�DGGLWLRQDO�DLU�IORZ�RI������VFIP��

�� &RQVLGHU�VXSSOHPHQWDO�PL[LQJ�WHFKQRORJLHV�WKDW�DUH�WHFKQLFDOO\�PDWXUH�DERYH�HPHUJLQJ�
WHFKQRORJLHV���(YHQWXDOO\��3-0V��VSDUJLQJ��DQG�VWHDG\�MHWV��IORZ�SURYLGHG�E\�UHFLUFXODWLRQ�SXPSV��
ZHUH�VHOHFWHG�DV�WKH�RQO\�RSWLRQV��

�� /LPLW�WKH�IXOO�VFDOH�UHFLUFXODWLRQ�SXPSV�WR������JSP�IRU�HDFK�YHVVHO��
�� 3URYLGH�UREXVW�PL[LQJ�V\VWHPV��L�H���SURYLGH�IRU�D����\HDU�RSHUDWLRQ�OLIH�LQ�D�FRQILJXUDWLRQ�WKDW�

FDQ�EH�IDEULFDWHG�UHDGLO\��
�� .HHS�JDV�KROGXS��KRZ�PXFK�JDV�LV�UHWDLQHG�DW�VWHDG\�VWDWH�LQ�WKH�PL[HG�ZDVWH�GXULQJ�QRUPDO��

FRQWLQXRXV�3-0�RSHUDWLRQ��DV�ORZ�DV�SRVVLEOH��
�� &RQWURO�JDV�UHOHDVH�UDWH��KRZ�TXLFNO\�JDV�LV�UHOHDVHG�XSRQ�3-0�UHVWDUW�DIWHU�D�SHULRG�RI�QR�

PL[LQJ��DIWHU�D�SRVW�'%(�RU�QRQ�PL[LQJ�SHULRG��
�� 0LQLPL]H�DLU�FRQVXPSWLRQ�UHTXLUHPHQWV�RQ�ERWK�WKH�VXSSO\�DQG�YHVVHO�YHQWLODWLRQ�V\VWHPV��
�� 0LQLPL]H�WKH�QXPEHU�RI�YHVVHO�SHQHWUDWLRQV��
�� 0LQLPL]H�WKH�RYHUDOO�ULVN�WR�WKH�SURMHFW��
�� 0LQLPL]H�WKH�RYHUDOO�FRVW�DQG�VFKHGXOH�LPSDFW�WR�WKH�SURMHFW��

�
�
�
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���� 2SHUDWLRQDO�6FHQDULRV�
�
������ 2SHUDWLRQDO�3URFHVVLQJ�0RGHV�
�
:DVWH�VOXUULHV�ZLWK�D�VRGLXP�FRQFHQWUDWLRQ�RI�DSSUR[LPDWHO\���0�LV�GHOLYHUHG�WR�8)3�96/������$�%�IRU�
VHSDUDWLRQ�LQWR�VROLG��+/:��DQG�OLTXLG��/$:��IUDFWLRQV���7KH�ZDVWH�LQ�WKH�IHHG�YHVVHO�LV�SXPSHG�WKURXJK�
WKUHH�EXQGOHV�RI�FURVV�IORZ�ILOWHUV���7KH�ZDWHU�DQG�RWKHU�VROXEOH�FRPSRQHQWV�RI�WKH�ZDVWH�SHUPHDWH�SDVV�
WKURXJK�WKH�ILOWHU�PHGLD�DQG�GLVFKDUJH�LQWR�RQH�RI�WKH�SHUPHDWH�UHFHLSW�YHVVHOV���7KH�VROLGV�DUH�UHFLUFX�
ODWHG�LQWR�WKH�IHHG�YHVVHOV��ZKHUH�DGGLWLRQDO�ZDVWH�LV�UHFHLYHG�IURP�WKH�IHHG�SUHSDUDWLRQ�YHVVHOV�WR�UHSODFH�
WKH�SHUPHDWH�DQG�PDLQWDLQ�D�UHODWLYHO\�FRQVWDQW�YROXPH��FRUUHVSRQGLQJ�WR�DQ�+�'�RI��������:KLOH�WKH�
VROLGV�DUH�EHLQJ�FRQFHQWUDWHG��WKH�ILOWHUV�ZLOO�EH�EDFN�SXOVHG�SHULRGLFDOO\���%DFN�SXOVLQJ�SXVKHV�SHUPHDWH�
EDFN�WKURXJK�WKH�ILOWHUV�LQWR�WKH�FRQFHQWUDWHG�VOXUU\�DQG�GLVORGJHV�VROLGV�WKDW�KDYH�EXLOW�XS�RQ�WKH�ILOWHU�
VXUIDFH��WKXV�HQKDQFLQJ�WKH�RYHUDOO�SHUPHDWH�IOX[�UDWH���7KH�8)3�YHVVHOV�DUH�HTXLSSHG�ZLWK�3-0V��FRROLQJ�
MDFNHWV��KLJK�SUHVVXUH�VWHDP�LQMHFWRUV��DQG�FKHPLFDO�UHDJHQW�IHHG�OLQHV���7KH�FRROLQJ�MDFNHWV�DUH�XVHG�WR�
FRQWURO�WKH�VOXUU\�WHPSHUDWXUH�ZKLOH�ILOWHULQJ�DQG�WR�FRRO�WKH�ZDVWH�DIWHU�OHDFKLQJ���7KH�ILOWHU�SXPSV�DUH�
ODUJH�DQG�DGG�D�VLJQLILFDQW�DPRXQW�RI�HQHUJ\�WR�WKH�ZDVWH�DV�KHDW���7KH�KLJK�SUHVVXUH�VWHDP�LV�XVHG�WR�KHDW�
DQG�KROG�WKH�ZDVWH�DW�DQ�HOHYDWHG�WHPSHUDWXUH�GXULQJ�WKH�OHDFK�SURFHVV���7KH�FKHPLFDO�UHDJHQWV�DUH�XVHG�
IRU�OHDFKLQJ�DQG�ILOWHU�FOHDQLQJ��
�
6ROLGV�WUHDWPHQW�EHJLQV�DIWHU�WKH�VROLGV�DUH�FRQFHQWUDWHG�WR�DSSUR[LPDWHO\����ZW���GU\�EDVLV��IRU�
(QYHORSHV�$��%��DQG�'�DQG����ZW��IRU�(QYHORSH�&���7KH�ILUVW�VROLGV�WUHDWPHQW�VWHS�LV�WR�ZDVK�WKH�VROLGV�
ZLWK�SURFHVV�FRQGHQVDWH��XVLQJ�WKH�VDPH�VWHSV�DV�VROLGV�ILOWHULQJ�RU�FRQFHQWUDWLRQ�WR�UHPRYH�VROXEOH�FRP�
SRQHQWV���3URFHVV�FRQGHQVDWH�LV�DGGHG�WR�8)3�96/������$�%�WR�UHSODFH�SHUPHDWH�WKDW�SDVVHV�WKURXJK�WKH�
ILOWHUV���$IWHU�WKH�(QYHORSH�$��%��DQG�'�VROLGV�DUH�ZDVKHG��WKH\�DUH�OHDFKHG��(QYHORSH�&�VROLGV�DUH�QRW�
OHDFKHG��LI�ZDUUDQWHG��FRUUHVSRQGLQJ�WR�DQ�+�'�RI��������7KH�ILUVW�VWHS�LQ�OHDFKLQJ�LV�WR�DGG����PRODU�
VRGLXP�K\GUR[LGH�XQWLO�D�FDOFXODWHG�YDOXH�RI���PRODU�IUHH�K\GUR[LGH�LV�UHDFKHG�IRU�WKH�EDWFK���7KH�
VROXWLRQ�LV�WKHQ�KHDWHG�ZLWK�KLJK�SUHVVXUH�VWHDP�WR�����±����)�DQG�DOORZHG�WR�GLJHVW�IRU�HLJKW�KRXUV���
$IWHU�GLJHVWLQJ��WKH�VOXUU\�LV�FRROHG��WKHQ�ILOWHUHG�XQWLO�WKH�VROLGV�FRQFHQWUDWLRQ�LV�LQFUHDVHG�EDFN�XS�WR�
������$IWHU�WKH�VROLGV�DUH�UHFRQFHQWUDWHG�WKH\�DUH�ZDVKHG�DJDLQ�ZLWK�SURFHVV�FRQGHQVDWH�WR�UHPRYH�WKH�
UHVLGXDO�VRGLXP�K\GUR[LGH�DQG�GLVVROYHG�VROLGV���7KH�WUHDWHG�VROLGV�DUH�WKHQ�GLVFKDUJHG�WR�/6��+/3���DQG�
FKHPLFDO�FOHDQLQJ�RI�WKH�ILOWHUV��LI�UHTXLUHG��EHJLQV��
�
1RUPDOO\�WKH�/6�YHVVHOV��+/3�96/������$�%��UHFHLYH�WUHDWHG�VROLGV�IURP�XOWUDILOWUDWLRQ��KRZHYHU��
WUHDWHG�VROLGV�FDQ�EH�VHQW�GLUHFWO\�WR�WKH�EOHQG�YHVVHO��+/3�96/��������LI�QHFHVVDU\���%DFNXS�EOHQG�
YHVVHO�+/3�96/������%�FDQ�UHFHLYH�WKH�VDPH�ZDVWH�WUDQVIHUV�DV�+/3�96/���������7UHDWHG�+/:�VROLGV��
FRQFHQWUDWHG�&V��DQG�6U�758�VROLGV��LI�DYDLODEOH��DUH�EOHQGHG�WRJHWKHU�LQ�+/3�96/��������VDPSOHG��DQG�
URXWHG�WR�+/:�YLWULILFDWLRQ��
�
������ 0L[LQJ�2SHUDWLRQ�0RGHV��
�
7KLV�VHFWLRQ�GLVFXVVHV�WKH�QRUPDO�DQG�SRVW�'%(�PL[LQJ�RSHUDWLRQ�PRGHV���1RUPDO�PL[LQJ�LV�WKDW�UHTXLUHG�
IRU�URXWLQH�RU�QRUPDO�SODQW�RSHUDWLRQ���3RVW�'%(�PL[LQJ�UHIHUV�WR�WKH�PL[LQJ�PRGHV�WKDW�ZLOO�EH�DYDLODEOH�
DIWHU�D�SODQW�XSVHW��
�



� � � � � $WWDFKPHQW���

����

1RUPDO�0L[LQJ���7KH�K\EULG�PL[LQJ�V\VWHP�ZLOO�SURYLGH�IRU�FRPSOHWH�PL[LQJ�RI�WKH�QRQ�1HZWRQLDQ�
VOXUU\�ZLWKLQ�WKH�FRQVWUDLQWV�RI�WKH�3UHWUHDWPHQW�)DFLOLW\�YHVVHO�YHQWLODWLRQ�V\VWHP���*DV�KROGXS�LQ�WKH�
ZDVWH�VOXUU\�GXULQJ�QRUPDO�RSHUDWLRQ�ZLOO�EH�ORZ��L�H���JDV�UHOHDVH�ZLOO�EH�HIIHFWLYH���1RUPDO�RSHUDWLRQV�
PL[LQJ�FDQ�XVH�D�FRPELQDWLRQ�RI�3-0V��VSDUJLQJ��DQG�UHF\FOH�SXPS�V\VWHPV��
�
3RVW�'%(�0L[LQJ���$IWHU�D�'%(��VSDUJLQJ�DLU�FDQ�EH�GLYHUWHG�WR�WKH�FHOO�YHQWLODWLRQ�V\VWHP�DQG�WKH�
LQFUHPHQWDO�DLU�IORZ�FRQVWUDLQW�RI������VFIP�LV�OLIWHG���1RUPDO�PL[LQJ�XVHV�HTXLSPHQW�WKDW�LV�QRW�UDWHG�IRU�
LPSRUWDQW�WR�VDIHW\��,76��XVH���3RVW�'%(��WKH�K\EULG�PL[LQJ�V\VWHP�ZLOO�XVH�,76�UDWHG�V\VWHPV�RQO\�DQG�
SURYLGH�IRU�FRPSOHWH�PL[LQJ�RI�WKH�QRQ�1HZWRQLDQ�VOXUU\�WR�HQVXUH�JDV�UHOHDVH�IURP�WKH�VOXUU\���3RVW�
'%(�PL[LQJ�DQG�JDV�UHOHDVH�LV�OLPLWHG�WR�3-0�DQG�VSDUJHU�RSHUDWLRQ��
�
���� 2YHUYLHZ�RI�WKH�3-0�+\EULG�0L[LQJ�6\VWHPV�'HVLJQ�$SSURDFK�
�
7KH�K\EULG�PL[LQJ�V\VWHPV�FRQVLGHUHG�LQ�WKLV�ZRUN�LQYROYH�WKH�FRPELQHG�XVH�RI�3-0V��VWHDG\�PL[LQJ�MHWV�
FUHDWHG�E\�UHFLUFXODWLRQ�SXPSV��DQG�DLU�VSDUJLQJ���7KH�PL[LQJ�WHFKQRORJLHV�ZHUH�FRPELQHG�WR�WDNH�
DGYDQWDJH�RI�WKHLU�UHVSHFWLYH�VWUHQJWKV��
�
3-0V�DUH�XVHG�IRU�PL[LQJ�WKH�ORZHU�UHJLRQ�RI�WKH�YHVVHO�FRQWHQWV�DQG�IDFLOLWDWLQJ�RII�ERWWRP�VXVSHQVLRQ�RI�
VROLGV���3-0V�DUH�LGHDOO\�VXLWHG�IRU�WKHVH�WDVNV�EHFDXVH�WKH\�GLVFKDUJH�GRZQZDUG�ZLWK�QR]]OHV�QHDU�WKH�
YHVVHO�IORRU���7KH�LGHDO�3-0�FRQILJXUDWLRQ�IRU�K\EULG�V\VWHPV�LV�RQH�WKDW�FUHDWHV�D�ZHOO�GHILQHG��KLJKO\�
WXUEXOHQW�FDYHUQ���7KH�PDWHULDO�LQ�WKH�XSSHU�UHJLRQ�RI�WKH�YHVVHO�LV�WKHQ�WUDQVSRUWHG�WR�WKH�WXUEXOHQW�FDYHUQ�
E\�WKH�RWKHU�V\VWHPV�ZKHUH�LW�LV�PL[HG��VSDUJHUV�DQG�RU�VWHDG\�MHWV��DV�LOOXVWUDWHG�LQ�)LJXUH��������
�
+DYLQJ�D�KLJK�GHJUHH�RI�WXUEXOHQFH�LV�LPSRUWDQW�WR�HQFRXUDJH�ERWK�DGHTXDWH�PL[LQJ�DQG�JDV�UHPRYDO��DV�
ZHOO�DV�WR�PLQLPL]H�VFDOLQJ�LVVXHV�IRU�SURWRW\SLF�WHVW�UHVXOWV�WKDW�ZLOO�EH�DSSOLHG�DW�IXOO�VFDOH��VFDOH�XS�LV�
GLVFXVVHG�LQ�PRUH�GHWDLO�LQ�$SSHQGL[�$����$GGLWLRQDOO\��KDYLQJ�DQ�REVWUXFWLRQ�IUHH�LQWHUIDFH�EHWZHHQ�WKH�
PL[HG�DQG�XQPL[HG�UHJLRQV�VLPSOLILHV�WKH�VSHFLILFDWLRQ�RI�VSDUJHUV�DQG�MHW�QR]]OHV��
�

7XUEXOHQW
FDYHUQ

5HTXLUHV
VHFRQGDU\
PL[LQJ
V\VWHP

&HQWHU�FOXVWHU
3-0V

�
)LJXUH�������3-0�+\EULG�0L[LQJ�$SSURDFK���&HQWUDO�FOXVWHU�3-0V�PL[�WKH�ORZHU�UHJLRQ�RI�WKH�YHVVHO�DQG�

VHFRQGDU\�V\VWHPV�PL[�WKH�XSSHU�UHJLRQ��
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$�FHQWUDOL]HG�FOXVWHU�RI�3-0V�ZLWK�QR]]OHV�DQJOHG�WRZDUG�WKH�WDQN�ZDOO�ZDV�IRXQG�WR�EH�WKH�PRVW�HIIHFWLYH�
DW�FUHDWLQJ�D�GLVWLQFW�PL[LQJ�FDYHUQ���7HVWV�ZLWK�D�GLVWULEXWHG�DUUD\�RI�3-0V�ZHUH�DOVR�FRQGXFWHG�DQG�
IRXQG�WR�SURYLGH�JRRG�RYHUDOO�PL[LQJ��GHWHUPLQHG�E\�WKH�G\H�PHWKRG���KRZHYHU��WKH�XQLIRUPLW\�RI�WKH�
FDYHUQ�ZDV�IRXQG�WR�EH�KLJKO\�VHQVLWLYH�WR�QR]]OH�LPSLQJHPHQW�DQJOH��DQG�WKH�TXDOLW\�RI�WKH�WXUEXOHQFH�
ZDV�VXVSHFW����
�
6WHDG\�WXUEXOHQW�MHWV�IURP�UHFLUFXODWLRQ�SXPSV�DUH�NQRZQ�WR�EH�HIIHFWLYH�LQ�PRELOL]DWLRQ�DQG�PL[LQJ�
DSSOLFDWLRQV���,Q�JHQHUDO��PL[LQJ�HIIHFWLYHQHVV�LV�LPSURYHG�E\�LQFUHDVLQJ�HLWKHU�WKH�QR]]OH�GLDPHWHU�RU�MHW�
YHORFLW\���,I�WKH�IORZ�UDWH�LV�IL[HG��WKH�PL[LQJ�SHUIRUPDQFH�LV�LPSURYHG�RQO\�E\�LQFUHDVLQJ�WKH�QR]]OH�
YHORFLW\��ZKLFK�LPSOLHV�D�VXEVHTXHQW�UHGXFWLRQ�LQ�QR]]OH�GLDPHWHU���
�
0L[LQJ�SHUIRUPDQFH�FDQ�DOVR�EH�LPSURYHG�E\�LQFUHDVLQJ�WKH�QXPEHU�RI�PL[LQJ�MHWV���-HWV�DUH�D�VRXUFH�RI�
OLQHDU�PRPHQWXP�DQG�WHQG�WR�EH�KLJKO\�GLUHFWLRQDO�ZLWK�UHODWLYHO\�VPDOO�VSUHDG�DQJOHV��DERXW����GHJUHHV�
IRU�D�IUHH�1HZWRQLDQ�MHW����2QFH�WKH\�LPSLQJH�RQ�VROLG�VXUIDFHV��WKH\�WHQG�WR�IROORZ�WKH�FRQWRXU�RI�WKDW�
VXUIDFH���)XUWKHU��FDYHUQ�IRUPDWLRQ��RU�VLPLODU�FKDQQHOLQJ��FDQ�RFFXU�IRU�QRQ�1HZWRQLDQ�VOXUULHV���6LQJOH�
MHWV�FDQ�EH�XVHG�WR�PL[�HQWLUH�YHVVHOV�LI�WKH�IORZ�UDWHV�DUH�KLJK�HQRXJK��KRZHYHU��D�VLQJOH�MHW�ZLOO�RIWHQ�
EUHDN�WKURXJK�WKH�IOXLG�VXUIDFH�DQG�GLVVLSDWH�LWV�HQHUJ\�EHIRUH�FRPSOHWH�PRELOL]DWLRQ��SDUWLFXODUO\�LQ�D�
QRQ�1HZWRQLDQ�VOXUU\���+HQFH��E\�GLVWULEXWLQJ�WKH�WRWDO�DYDLODEOH�IORZ�WKURXJK�PXOWLSOH�MHWV��PRUH�UHJLRQV�
RI�WKH�YHVVHO�FDQ�EH�DIIHFWHG�DQG�RYHUDOO�PL[LQJ�FDQ�LPSURYH���
�
,GHDOO\��WKH�MHW�QR]]OHV�DUH�ORFDWHG�MXVW�EHORZ�WKH�3-0�FDYHUQ�LQWHUIDFH��DQJOHG�XSZDUG�DQG�DLPHG�
EHWZHHQ�WKH�3-0V�DQG�WKH�YHVVHO�ZDOO���0DWHULDO�IURP�WKH�ORZHU�PL[LQJ�]RQH�LV�HQWUDLQHG�DQG�PL[HG�LQWR�
WKH�XSSHU�UHJLRQ��D�FRQILJXUDWLRQ�ZHOO�VXLWHG�IRU�RSHUDWLRQ�DW�UHGXFHG�RSHUDWLQJ�YROXPHV���
�
$LU�VSDUJH�WXEHV�SURYLGH�PL[LQJ�DQ�DOWHUQDWLYH�PHFKDQLVP���5LVLQJ�DLU�EXEEOHV�SURGXFH�GUDJ�RQ�VXU�
URXQGLQJ�IOXLG��FUHDWLQJ�DQ�XSZDUG�SXPSLQJ�HIIHFW���2QFH�DW�WKH�VXUIDFH��IOXLG�PXVW�UHFLUFXODWH�GRZQZDUG���
7KH�QHW�UHVXOW�LV�DQ�XSZDUG�EXEEOH�]RQH�RI�PL[LQJ��LQ�WKLV�GRFXPHQW��WKLV�UHJLRQ�LV�UHIHUUHG�WR�DV�WKH�
UHJLRQ�RI�EXEEOHV�>52%@���VXUURXQGHG�E\�D�ODUJHU��GRZQZDUG�]RQH��LQ�WKLV�GRFXPHQW��WKLV�UHJLRQ�LV�
UHIHUUHG�WR�DV�WKH�]RQH�RI�LQIOXHQFH�>=2,@����6SDUJH�=2,V�ZLOO�LQWHUDFW�LQ�SRWHQWLDOO\�EHQHILFLDO�ZD\V�LI�
QHLJKERULQJ�VSDUJH�SRLQWV�DUH�VSDFHG�FORVH�HQRXJK���+RZHYHU��WKHVH�LQWHUDFWLRQV�IRU�QRQ�1HZWRQLDQ�
IOXLGV�DUH�QRW�IXOO\�XQGHUVWRRG�DQG�DUH�QRW�DGGUHVVHG�LQ�WKLV�GRFXPHQW���/RFDWLQJ�WKH�RXWOHW�RI�WKH�VSDUJH�
WXEH�QHDU�WKH�ERWWRP�RI�WKH�WDQN�DQG�ZHOO�LQVLGH�WKH�3-0�FDYHUQ�VKRXOG�SURYLGH�WKH�FDSDELOLW\�WR�
FRPSOHWHO\�PL[�WKH�WDQN�FRQWHQWV��
�
���� 2YHUYLHZ�RI�WKH�6FDOHG�7HVWLQJ�0HWKRGRORJ\�
�
7KH�VFDOHG�WHVWLQJ�PHWKRGRORJ\�LQYROYHG�FRQGXFWLQJ�WHVWV�LQ�D�QXPEHU�RI�VFDOHG�YHVVHOV�ZLWK�UHSUHVHQWD�
WLYH�QRQ�1HZWRQLDQ�VLPXODQWV���)LYH�WHVW�VWDQGV�ZHUH�WHVWHG�ZLWK�3-0V��WKUHH�ZHUH�XVHG�WR�LQYHVWLJDWH�WKH�
VFDOLQJ�ODZV�DQG�WZR�ZHUH�VFDOHG�YHUVLRQV�RI�WKH�IXOO�VFDOH�WDQNV���,QIRUPDWLRQ�RQ�VSDUJLQJ�ZDV�REWDLQHG�
ZLWK�D�VLQJOH�ODUJH�VFDOH�VSDUJH�WXEH���6FDOH�XS�DQG�DSSOLFDWLRQ�RI�WKH�PL[LQJ�WHFKQRORJLHV�DUH�EDVHG�RQ�D�
PL[�RI�ZHOO�NQRZQ�WKHRU\�DQG�GHYHORSPHQWV�E\�WKH�3-0�PL[LQJ�SURJUDP��
�
$V�GHVFULEHG�LQ�6HFWLRQ������WKH�WZR�SULPDU\�VLPXODQWV�ZHUH�/DSRQLWH�DQG�D�PL[WXUH�RI�NDROLQ�EHQWRQLWH�
FOD\���/DSRQLWH�LV�D�WKL[RWURSLF�FROORLGDO�V\QWKHWLF�FOD\�WKDW�IRUPV�D�WUDQVSDUHQW�JHO�ZKHQ�OHIW�XQVKHDUHG���
7KLV�VLPXODQW�ZDV�XVHG�IRU�DVVHVVLQJ�WKH�VFDOH�XS�EHKDYLRU�RI�WKH�3-0V�DQG�YLVXDOL]LQJ�WKH�IORZ�EHKDYLRU�
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LQ�WKH�VFDOHG�SURWRW\SHV���7KH�NDROLQ�EHQWRQLWH�FOD\�PL[WXUH�H[KLELWV�D�%LQJKDP�SODVWLF�UKHRORJ\�WKDW�
FORVHO\�UHSUHVHQWV�WKH�UKHRORJ\�RI�DFWXDO�ZDVWH�VOXUULHV���7KLV�VLPXODQW�ZDV�XVHG�WR�LQYHVWLJDWH�WKH�VFDOH�
XS�EHKDYLRU�RI�3-0V�DQG�*5	5�FKDUDFWHULVWLFV���,W�ZDV�DOVR�XVHG�WR�DVVHVV�WKH�SHUIRUPDQFH�RI�WKH�VFDOHG�
SURWRW\SHV��
�
7KH�VFDOH�XS�RI�WKH�3-0�PL[LQJ�SHUIRUPDQFH�DQG�WKH�*5	5�FKDUDFWHULVWLFV�ZDV�LQYHVWLJDWHG�DW�WKUHH�
GLIIHUHQW�VFDOHV�ZLWK�JHRPHWULFDOO\�VFDOHG�WHVW�VWDQGV�FRQWDLQLQJ�IRXU�3-0V���7KH�ODUJHVW�WHVW�VWDQG�
�GHVFULEHG�LQ�6HFWLRQ������LV�WKH��������JDOORQ�YHVVHO�LQ�WKH�+DQIRUG�����EXLOGLQJ�ZKLFK�LV�VLPLODU�LQ�VL]H�
WR�WKH�DFWXDO�FRQFHQWUDWH�UHFHLSW�YHVVHO���7KH�LQWHUPHGLDWH�VL]HG�WHVW�VWDQG��GHVFULEHG�LQ�6HFWLRQ������LV�
ORFDWHG�LQ�WKH�$SSOLHG�3URFHVV�(QJLQHHULQJ�/DERUDWRU\��$3(/����,W�LV�DSSUR[LPDWHO\�RQH�TXDUWHU�VFDOH�
�EDVHG�RQ�OLQHDU�GLPHQVLRQV��UHODWLYH�WR�WKH�ODUJH�WDQN�ZLWK�D�WRWDO�YROXPH�RI�DERXW�����JDOORQV���7KH�
VPDOO�VFDOH�WDQN��ZKLFK�LV�DERXW�RQH�KDOI�VFDOH�UHODWLYH�WR�WKH�$3(/�WHVW�VWDQG��LV�ORFDWHG�DW�WKH�6DYDQQDK�
5LYHU�7HFKQRORJ\�6LWH��
�
7KH�EDVLV�IRU�VFDOH�XS�RI�WKH�PL[LQJ�LQGXFHG�E\�3-0V�DQG�VWHDG\�MHWV�LV�EDVHG�RQ�PRGLILFDWLRQV�WR�
WXUEXOHQW�MHW�WKHRU\�WR�DFFRXQW�IRU�WKH�QRQ�1HZWRQLDQ�UKHRORJ\�DQG�QRQ�VWHDG\�MHWV�IURP�WKH�3-0V���
'LPHQVLRQDO�DQDO\VLV��DSSHQGL[�$��ZDV�XVHG�WR�LGHQWLI\�WKH�LPSRUWDQW�GLPHQVLRQOHVV�SDUDPHWHUV�DQG�
JXLGH�WKH�H[SHULPHQWDO�GHVLJQ��7KH�FRQILJXUDWLRQ�IRU�WKH�VSDUJLQJ�V\VWHPV�ZDV�EDVHG�RQ�WKH�UHVXOWV�RI�
QHDUO\�IXOO�VFDOH�WHVWV�ZLWK�D�VLQJOH�VSDUJH�WXEH��UHIHU�WR�6HFWLRQV�����DQG�������
�
6FDOHG�SURWRW\SHV�ZHUH�XVHG�WR�HYDOXDWH�WKH�YDULRXV�PL[LQJ�FRQILJXUDWLRQV���%RWK�WKH�/6�DQG�8)3�YHVVHOV�
�ERWK�GHVFULEHG�LQ�6HFWLRQ������KDG�VFDOH�IDFWRUV�LQ�WKH�UDQJH�RI���WR�����$SSUR[LPDWHO\�����VHSDUDWH�UXQV�
ZHUH�FRQGXFWHG�ZLWK�WKHVH�XQLWV�FRQWDLQLQJ�YDULRXV�FRQILJXUDWLRQV�RI�3-0V��UHFLUFXODWLRQ�SXPSV��DQG�
VSDUJHUV���2QO\�WKH�PL[LQJ�UHVXOWV�IURP�UXQV�WKDW�KDYH�D�GLUHFW�EHDULQJ�RQ�WKH�ILQDO�FRQILJXUDWLRQ�DUH�
UHSRUWHG�LQ�6HFWLRQ�������*5	5�UHVXOWV�IRU�WKH�VFDOHG�SURWRW\SHV�DUH�UHSRUWHG�LQ�6HFWLRQ�����'HYHORSPHQW�
RI�WKH�EDVLV�IRU�VFDOH�XS�RI�WKH�*5	5�UHVXOWV�LV�RQJRLQJ�DQG�ZLOO�EH�LQFOXGHG�LQ�D�IXWXUH�GRFXPHQW��
�
�
�
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���� 7HVW�6WDQGV�DQG�([SHULPHQWDO�0HWKRGV�
�
7KLV�VHFWLRQ�FRQWDLQV�D�GHVFULSWLRQ�RI�WKH�WHVW�VWDQGV�DQG�WKH�H[SHULPHQWDO�PHWKRGV���7KH�$3(/���3-0�
DQG�WKH�ODUJH�VFDOH�3-0�WHVW�VWDQGV�DUH�GHVFULEHG�ILUVW�DQG�ZHUH�XVHG�WR�GHPRQVWUDWH�WKH�VFDOLQJ�ODZV�IRU�
PL[LQJ��JDV�UHOHDVH��DQG�JDV�KROGXS���7KH�VFDOHG�SURWRW\SHV�DUH�GHVFULEHG�QH[W�DQG�DUH�JHRPHWULFDOO\�
VFDOHG�PRGHOV�RI�WKH�IXOO�VFDOH�8)3�DQG�/6�WDQNV���7KH�SURWRW\SHV�ZHUH�XVHG�WR�HYDOXDWH�YDULRXV�PL[LQJ�
FRQILJXUDWLRQV���6HFWLRQ�����GHVFULEHV�WKH�HTXLSPHQW�DQG�PHWKRGV�XVHG�WR�REWDLQ�SHUIRUPDQFH�GDWD�IRU�
VSDUJLQJ�LQ�QRQ�1HZWRQLDQ�VOXUULHV���6HFWLRQ�����GHVFULEHV�WKH�PHWKRGV�XVHG�WR�DVVHVV�*5	5�EHKDYLRU�LQ�
WKH�VLPXODQWV���7KH�ILQDO�VHFWLRQ�GHVFULEHV�WKH�PHWKRGV�XVHG�WR�DVVHVV�WKH�H[WHQW�RI�PL[LQJ����
�
7KH�GLPHQVLRQDO�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�VHFWLRQ�LV�GLYLGHG�LQWR�WKUHH�FDWHJRULHV�EDVHG�RQ�
����VWDQGDUG�VL]HV������PHDVXUHPHQWV�PDGH�SULRU�WR�RU�GXULQJ��RU�UHFUHDWHG�DIWHU�WKH�WHVWLQJ��DQG��
����WDUJHW�YDOXHV�RU�UDQJHV���
�
7KH�ILUVW�FDWHJRU\�SHUWDLQV�WR�WKH�LQWHUQDO�RU�H[WHUQDO�GLDPHWHUV�RI�WKH�VWDLQOHVV�VWHHO�RU�39&�WXELQJ��SLSLQJ�
PDWHULDOV�XVHG�LQ�FRQVWUXFWLRQ�RI�WKH�SXOVH�WXEHV��QR]]OHV��UHFLUFXODWLRQ�OLQHV��DQG�VSDUJHU�OLQHV���$OWKRXJK�
WKH�DFWXDO�GLDPHWHUV�YDU\�IURP�PDQXIDFWXUHU�WR�PDQXIDFWXUHU��WKHVH�YDOXHV�DUH�JHQHUDOO\�ZLWKLQ��������,Q�
WKH�WH[W��WDEOHV��DQG�ILJXUHV��XQOHVV�RWKHUZLVH�QRWHG��IRU�WKH�GLDPHWHUV�RI�SXOVH�WXEHV��QR]]OHV��UHFLUFXODWLRQ�
OLQHV��DQG�VSDUJHU�OLQHV��RQO\�WKH�QRPLQDO�YDOXHV�DUH�OLVWHG���
�
7KH�VHFRQG�FDWHJRU\�GLPHQVLRQDO�PHDVXUHPHQWV�DUH�WKRVH�WKDW�FDQ�EH�TXDQWLILHG�DQG�DUH�SUHVHQWHG�DV�VXFK�
LQ�WKH�GLVFXVVLRQ�ZLWK�WKH�DSSURSULDWH�XQFHUWDLQWLHV��
�
7KH�WKLUG�FDWHJRU\�PDLQO\�FRUUHVSRQGV�WR�GLPHQVLRQDO�LQIRUPDWLRQ�WKDW�ZDV�LPSRVVLEOH�WR�PHDVXUH�
GLUHFWO\��VXFK�DV�HOHYDWLRQV�RI�WKH�YHVVHO�LQWHUQDOV�UHODWLYH�WR�WKH�YHVVHO�ERWWRP��H�J���GLVWDQFH�RI�QR]]OHV�
IURP�ERWWRP����$OWKRXJK�VLJQLILFDQW�HIIRUW�ZDV�PDGH�WR�DFKLHYH�WKH�WDUJHW�YDOXHV�VSHFLILHG�LQ�WKH�WHVWLQJ�
VHTXHQFHV��QR�GLUHFW�DV�EXLOW�PHDVXUHPHQWV�ZHUH�PDGH�EHFDXVH�RI�VSDFH�OLPLWDWLRQV�ZLWKLQ�WKH�WDQN��L�H���
PDQQHG�HQWU\�ZDV�QRW�SRVVLEOH����,Q�DGGLWLRQ��WKLV�FDWHJRU\�DOVR�LQFOXGHV�WKRVH�PHDVXUHPHQWV�WKDW�ZHUH�
QRW�UHFRUGHG�DW�WKH�WLPH�RI�WKH�WHVWLQJ�DQG�FRXOG�QRW�EH�UHFUHDWHG���7KH�WKLUG�FDWHJRU\�RI�PHDVXUHPHQWV�LV�
LQGLFDWHG�DV�DSSUR[LPDWH�LQ�WKH�WH[W��WDEOHV��DQG�ILJXUHV�DQG�VKRXOG�RQO\�EH�WUHDWHG�DV�VXFK��
�
���� $3(/���3-0�7HVW�6WDQG�
�
7KH�$3(/��3-0�WHVW�VWDQG��)LJXUH������LV�D�OLQHDUO\�VFDOHG�YHUVLRQ�RI�WKH��3-0�WHVW�VHWXS�LQ�WKH�����WHVW�
IDFLOLW\���7KH�FRQILJXUDWLRQ�GHWDLOV��VXEMHFW�WR�WKH�FRQVWUDLQWV�SUHVHQWHG�DW�WKH�EHJLQQLQJ�RI�6HFWLRQ����DUH�
GLVFXVVHG�EHORZ���7KH�GLDPHWHU�RI�WKH�WDQN�LV�����������LQFKHV��ZKLFK�FRUUHVSRQGV�WR�D�VFDOH�IDFWRU�RI�
a�������7KLV�WHVW�VWDQG�FRQVLVWV�RI�IRXU�3-0V�FRQVWUXFWHG�RI���LQFK�������LQFK�,'��VFKHGXOH����VWDLQOHVV�
VWHHO�SLSH�WDSHUHG�WR�DQ�DSSUR[LPDWHO\���R�DQJOH�FRQH�WUXQFDWHG�WR�D�FXVWRP�EXLOW�QR]]OH�ZLWK�D��������
�����LQFK�,'���7KH�OHQJWK�RI�WKH�F\OLQGULFDO�VHFWLRQ�RI�WKH�3-0V�ZDV������LQFKHV���7KH�KHLJKW�ZDV�
LQWHQWLRQDOO\�VHW�ORQJHU�WKDQ�WKH�3-0V�LQ�WKH�����WHVW�IDFLOLW\�WR�HQDEOH�WHVWLQJ�DW�KLJKHU�+�'�UDWLRV��XS�WR�
+�'�RI�����DQG�D�YROXPH�RI�DSSUR[LPDWHO\�����JDOORQV��WKDQ�ZHUH�SRVVLEOH�LQ�WKH�ODUJH�VFDOH�WHVW�VWDQGV���
7KH�3-0V�DUH�VLWXDWHG�DURXQG�WKH�FHQWHU�RI�WKH�WDQN�LQ�D�VTXDUH�DORQJ�D�SLWFK�FLUFOH�GLDPHWHU��3&'��RI�
������LQFKHV���7KH�QR]]OHV�ZHUH�DSSUR[LPDWHO\���LQFKHV�DERYH�WKH�WDQN�IORRU�GLUHFWO\�XQGHU�WKHP��
�
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�
)LJXUH�������$3(/���3-0�7HVW�6WDQG�

�
8QOLNH�FRQYHQWLRQDO�3-0V��ZKRVH�RSHUDWLRQ�LV�UHJXODWHG�E\�-33V�GULYHQ�E\�FRPSUHVVHG�DLU��WKH�$3(/���
3-0�WHVW�V\VWHP�XVHG�D�VHULHV�RI�VROHQRLG�YDOYHV�DQG�D�FRPELQDWLRQ�RI�DQ�DLU�FRPSUHVVRU�DQG�YDFXXP�
SXPS�WR�VLPXODWH�WKH�GULYH�DQG�VXFWLRQ�SKDVHV�RI�3-0�RSHUDWLRQ���7KHVH�RSHUDWLRQV�ZHUH�FRQWUROOHG�
WKURXJK�D�FRQWURO�ORJLF�SURJUDP�XVLQJ�'$6</DE�GDWD�DFTXLVLWLRQ�DQG�FRQWURO�VRIWZDUH��'$&6���ZKLFK�
WXUQV�RQ�DQG�RII�WKH�DSSURSULDWH�VROHQRLG�YDOYHV�DW�VSHFLILHG�WLPH�LQWHUYDOV���7KH�GXUDWLRQ�RI�HDFK�SKDVH��
WKH�DSSOLHG�SUHVVXUH��DQG�YDFXXP�DUH�DOO�YDULDEOHV�WKDW�FDQ�EH�YDULHG�LQGHSHQGHQWO\�WR�VLPXODWH�WKH�
RSHUDWLRQ�RI�WKH�3-0V��
�
(DFK�3-0�ZDV�RXWILWWHG�ZLWK�D�'UH[HOERRN�OLTXLG�OHYHO�FDSDFLWDQFH�VHQVRU�WUDQVPLWWHU�DQG�DQ�
(QGUHVV�+DXVHU�FHUDPLF�SUHVVXUH�WUDQVGXFHU��ZKLFK�HQDEOHG�FRQWLQXRXV�PHDVXUHPHQW�RI�WKH�VOXUU\�OHYHO�
DQG�SUHVVXUH�LQVLGH�WKH�3-0�GXULQJ�RSHUDWLRQ���$GGLWLRQDO�VHQVRUV�LQFOXGHG�LQ�WKH�WHVW�V\VWHP�DUH�7\SH�.�
WKHUPRFRXSOHV�WKDW�PHDVXUH�WKH�WHPSHUDWXUH�RI�WKH�WDQN�FRQWHQWV�DQG�WKH�DPELHQW�WHPSHUDWXUH��
�
'XULQJ�WKH�*5	5�WHVWV��LQ�DGGLWLRQ�WR�WKH�DERYH�SDUDPHWHUV��WKH�OLTXLG�OHYHO�LQ�WKH�WDQN�DQG�WKH�+�2��
�XVHG�WR�JHQHUDWH�LQ�VLWX�R[\JHQ�EXEEOHV�WR�VWXG\�JDV�EHKDYLRU��IORZ�UDWH�DQG�GHQVLW\�ZHUH�DOVR�PRQLWRUHG�
DQG�UHFRUGHG�GLJLWDOO\���7KH�OLTXLG�OHYHO�LQ�WKH�WDQN�RXWVLGH�WKH�3-0V�ZDV�PRQLWRUHG�FRQWLQXRXVO\�XVLQJ�
XOWUDVRQLF�OHYHO�GHWHFWRUV���7KH�+�2��IORZ�UDWH�DQG�GHQVLW\�ZHUH�PRQLWRUHG�XVLQJ�D������LQFK�0LFUR�
0RWLRQ�&RULROLV�PDVV�IORZ�PHWHU���'XULQJ�HDFK�PL[LQJ�WHVW��VHYHUDO�YDULDEOHV�VXFK�DV�3-0�OLTXLG�OHYHOV�
DQG�SUHVVXUHV��WDQN�DQG�DPELHQW�WHPSHUDWXUH��DQG�+�2��IORZ�UDWH�DQG�GHQVLW\�ZHUH�PRQLWRUHG�
FRQWLQXRXVO\�DQG�UHFRUGHG�GLJLWDOO\�RQ�D�FRPSXWHU��
�
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���� ����3-0�7HVW�6WDQG�'HVFULSWLRQ�
�
7KH�ODUJH�VFDOH�3-0�WHVW�VWDQG�LQVWDOOHG�LQ�%DWWHOOH¶V�����WHVW�IDFLOLW\�KDV�EHHQ�GHVFULEHG�H[WHQVLYHO\�LQ�
SUHYLRXV�UHSRUWV��H�J���%RQWKD�HW�DO���������WKHUHIRUH��RQO\�D�EULHI�GHVFULSWLRQ�LV�SUHVHQWHG�KHUH��
�
7KH�3-0�V\VWHP�FRQVLVWHG�RI�IRXU�SXOVH�WXEHV�HDFK�ZLWK�D�F\OLQGULFDO�VHFWLRQ�RI�a���IW�OHQJWK�DQG�a��IW�
LQWHUQDO�GLDPHWHU���(DFK�WXEH�KDV�D�GLVKHG�KHDG�ZLWK�D�FRQQHFWLRQ�WR�D���LQFK�SLSH���7KH�ERWWRP�HQG�RI�
HDFK�SXOVH�WXEH�ZDV�WDSHUHG�DW�DQ�DSSUR[LPDWHO\���R�DQJOH�FRQH�WUXQFDWHG�WR�D�a��LQFK�QR]]OH���7KH�
RYHUDOO�KHLJKW�RI�WKH�SXOVH�WXEH��ZKLFK�LV�VKRZQ�LQ�)LJXUH������ZDV�DSSUR[LPDWHO\����IW���$�VFKHPDWLF�RI�
WKH�H[SHULPHQWDO�V\VWHP�XVHG�WR�GHPRQVWUDWH�WKH�3-0�V\VWHP�LV�VKRZQ�LQ�)LJXUH�������$V�EXLOW�
GLPHQVLRQV�DUH�GHWDLOHG�LQ�%RQWKD�HW�DO����������
�

�
)LJXUH������3KRWRJUDSK�RI�WKH�3-0V�8VHG�LQ�WKH�����7HVW�)DFLOLW\�

�
� $LU�9DFXXP�/LQHV�&RQQHFWHG�WR�WKH�

-HW�3XPS�3DLUV�

&RQWURO�
0RGXOH�:LWK�
-HW�3XPS�
3DLUV�

$LU�)URP�
&RPSUHVVRU�

9HQW� �
)LJXUH�������6FKHPDWLF�RI�([SHULPHQWDO�6\VWHP�8VHG�WR�(YDOXDWH�3-0V�8VLQJ�1RQ�1HZWRQLDQ�6LPXODQWV�
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7KH�3-0V�DUH�LQVLGH�D�a������IW�,'�[�a���IW�WDOO�VXSHUQDWH�WDQN�ZLWK�D�a����HOOLSWLFDO�GLVK�KHDG���7KH�
QRPLQDO�RSHUDWLQJ�YROXPH�RI�WKH�WDQN�LV�DERXW��������JDOORQV���7KH�3-0V�ZHUH�KHOG�ZLWK�EUDFNHWV�SRVL�
WLRQHG�RQ�WRS�RI�WKH�WDQN���7KH�EUDFNHWV��ZKLFK�WUDYHUVH�WKH�GLDPHWHU�RI�WKH�WDQN�DQG�DUH�ZHOGHG�WR�WKH�
VLGHV��EHDU�WKH�ZHLJKW�RI�WKH�WXEHV���7KH�3-0V�ZHUH�SRVLWLRQHG�DW�WKH�FHQWHU�RI�WKH�IRXU�TXDGUDQWV�RI�WKH�
WDQN�DSSUR[LPDWHO\����LQFKHV�IURP�WKH�ERWWRP�RI�WKH�WDQN���
�
'XULQJ�WKH�RSHUDWLRQ�RI�WKH�3-0V��WKH�SXOVH�WXEHV�ZHUH�ILOOHG�ZLWK�WKH�VOXUU\�E\�WKH�DSSOLFDWLRQ�RI�D�
YDFXXP���7KH�VOXUU\�ZDV�WKHQ�H[SHOOHG�IURP�WKH�SXOVH�WXEHV�ZLWK�FRPSUHVVHG�DLU���7KH�VXFWLRQ�DQG�
GLVFKDUJH�RI�WKH�VOXUU\�WR�DQG�IURP�WKH�SXOVH�WXEHV�ZDV�UHJXODWHG�E\�-33V�LQ�D�FRQWURO�PRGXOH�RQ�WKH�
JURXQG�OHYHO�DW�WKH�VLGH�RI�WKH�WDQN���7KH�-33V�ZHUH�FRQQHFWHG�WR�WKH�SXOVH�WXEHV�XVLQJ���LQFK�2'�ZLUH�
UHLQIRUFHG�39&�WXELQJ���
�
$�FRPSUHVVRU�DFFXPXODWRU�V��FRPELQDWLRQ�ZDV�XVHG�WR�UHJXODWH�WKH�DLU�IORZ�WR�WKH�-33V���7KH�FRPSUHVVRU�
FKRVHQ�IRU�WKH�SUHVHQW�VWXG\��ZKLFK�ZDV�EDVHG�RQ�WKH�UHTXLUHPHQWV�IRU�WKH�DLU�IORZ�WR�WKH�-33V��ZDV�D�
6XOODLU�FRPSUHVVRU�FDSDEOH�RI�GHOLYHULQJ������&)0�DW�DQ�RSHUDWLQJ�SUHVVXUH�RI�����SVLJ���7KH�DFFXPX�
ODWRUV�ZHUH�DQ�$60(�VWDQGDUG�����JDO�%UXQQHU�YHUWLFDO�DLU�UHFHLYHU�WDQN�ZLWK�SUHVVXUH�UHOLHI�YDOYHV�DQG�D�
WLPHG�HOHFWURQLF�GUDLQ�YDOYH���%RWK�WKH�FRPSUHVVRU�DQG�WKH�DFFXPXODWRUV�ZHUH�ORFDWHG�RXWVLGH�WKH�
����%XLOGLQJ�IDFLOLW\��
�
'XULQJ�WKH�VXFWLRQ�SKDVH��OLTXLG�LQ�WKH�SXOVH�WXEH�SLSLQJ�FDQ�ULVH�WR�D�OHYHO�RI�a���IW�DERYH�WKH�OLTXLG�
OHYHO���7R�SUHYHQW�VXFWLRQ�RI�WKH�OLTXLG�LQWR�WKH�-33V��WKH�WXELQJ�FRQQHFWLQJ�WKH�SXOVH�WXEHV�WR�WKH�-33V�
ZDV�URXWHG�WR�WKH�XSSHU�FDWZDON��a���IW�DERYH�WKH�WRS�RI�WKH�WDQN���
�
7KH�VHTXHQFH�RI�RSHUDWLRQ�DQG�F\FOH�IUHTXHQF\�RI�WKH�3-0�DQG�WKH�5)'�VDPSOHU�ZDV�FRQWUROOHG�E\�
35(6&21���DQ�$($�7HFKQRORJ\�SURSULHWDU\�FRQWURO�V\VWHP���(DFK�3-0�ZDV�RXWILWWHG�ZLWK�D�
'UH[HOERRN�OLTXLG�OHYHO�VHQVRU�WUDQVPLWWHU�DQG�D�&HFRPS�SUHVVXUH�WUDQVGXFHU�WKDW�HQDEOHG�FRQWLQXRXV�
PHDVXUHPHQW�RI�WKH�VOXUU\�OHYHO�DQG�SUHVVXUH�LQVLGH�WKH�3-0�GXULQJ�RSHUDWLRQ���$GGLWLRQDO�VHQVRUV�
LQFOXGHG�LQ�WKH�WHVW�V\VWHP�DUH�7\SH�.�WKHUPRFRXSOHV�IRU�PHDVXULQJ�WKH�WHPSHUDWXUH�RI�WKH�WDQN�FRQWHQWV�
DQG�WKH�DPELHQW�WHPSHUDWXUH���7KH�GDWD�ZHUH�GLJLWDOO\�UHFRUGHG�RQ�D�FRPSXWHU�XVLQJ�'$6</DE�'$&6��
�
6LPXODQW�PRWLRQ�ZDV�GHWHFWHG�HLWKHU�YLVXDOO\�ZLWK�WKH�XVH�RI�FDPHUD�ZHOOV�RI�ZLWK�YHORFLW\�SUREHV�
�)LJXUHV�����DQG��������9LGHR�V\VWHPV�LQVHUWHG�LQWR�WKH�FDPHUD�ZHOOV�ZHUH�JHQHUDOO\�XVHG�WR�GHWHFW�WKH�
PL[HG�DQG�XQPL[HG�UHJLRQV�LQ�WUDQVSDUHQW�VLPXODQWV���$�VPDOO�YLGHR�FDPHUD�ZDV�PRYHG�XS�DQG�GRZQ�WKH�
FDPHUD�ZHOO�DQG�WKH�LPDJHV�UHFRUGHG���7KH�ERXQGDU\�RI�WKH�PL[HG�DQG�XQPL[HG�UHJLRQV�ZDV�DOVR�UHFRUGHG�
PDQXDOO\���9HORFLW\�SUREHV�ZHUH�XVHG�WR�PHDVXUH�YHORFLW\�DOWKRXJK�WKHVH�UHVXOWV�DUH�QRW�UHSRUWHG�LQ�WKLV�
GRFXPHQW����
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�
)LJXUH�������3ODQ�9LHZ�RI�WKH�,QVWUXPHQW�/RFDWLRQV�IRU�WKH�����%XLOGLQJ�3-0���7HVW�6WDQG��

�

,QWHJUDO�
/('�OLJKWV�

����PLUURU��

&DPHUD�OHQV�

9LGHR�&DPHUD�
ERG\�

&DEOH�DQG�
WUDYHUVLQJ�
PHFKDQLVP� $FU\OLF�

WXEH�
YLHZLQJ�
ZHOO�

$UUD\�RI�
$FU\OLF�
WXEH�

YLHZLQJ�
ZHOOV�

a��LQFK�2'�

�
)LJXUH�������9LGHR�6\VWHP�IRU�'HWHFWLQJ�0L[HG��FDYHUQ��5HJLRQ�LQ�/DUJH�6FDOH�7HVWLQJ�

2EVHUYDWLRQ�'HFN�

� �����'LUHFWLRQ�FDPHUD�REVHUYHV�
�
$�&����&DPHUD�DQG�VXSSRUW�
93�����9DOHSRUW�(0�YHORFLW\�SUREH�
6�������6RQWHN�$'9�YHORFLW\�SUREH�

�

�
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�

�
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�

�
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���� 6FDOHG�3URWRW\SLF�7HVW�6WDQGV�
�
������ 8)3�3URWRW\SH�9HVVHO�
�
7KH�����LQFK�GLDPHWHU��IXOO�VFDOH�8)3�WDQN�ZDV�UHSUHVHQWHG�E\�D�������LQFK�,'�FOHDU�DFU\OLF�YHVVHO���7KH�
JHRPHWULF�VFDOH�IDFWRU�ZDV�a��������7KH�VFDOHG�8)3�SURWRW\SLF�WHVW�YHVVHO�ZDV�������LQFKHV�WDOO�ZLWK�D�
a����HOOLSWLFDO�GLVK�KHDG�PDGH�RXW�RI�VWDLQOHVV�VWHHO���0L[LQJ�WHVWV�LQ�WKLV�YHVVHO�ZHUH�SHUIRUPHG�XVLQJ�
GLIIHUHQW�FRPELQDWLRQV�RI�3-0V�DQG�VSDUJHUV�DQG�D�UHFLUFXODWLRQ�SXPS�V\VWHP���7RS�DQG�SODQ�YLHZV�RI�
WKH�YHVVHO�DQG�LQWHUQDOV�ZLWK�QRPLQDO�GLPHQVLRQV�DUH�VKRZQ�LQ�)LJXUHV�����DQG�������7KH�YDULRXV�WHVW�
VHTXHQFHV�LQFOXGHG�LQ�WKLV�GRFXPHQW�DUH�SUHVHQWHG�LQ�7DEOH�������7KH�FRQILJXUDWLRQ�GHWDLOV��VXEMHFW�WR�WKH�
FRQVWUDLQWV�SUHVHQWHG�DW�WKH�EHJLQQLQJ�RI�6HFWLRQ����DUH�GLVFXVVHG�EHORZ��

�

6SDUJHU�7XEHV

6SDUJHU

3XPS�'LVFKDUJH�/LQH

6SDUJHU

���LQ��'LDPHWHU

���LQ��'LDPHWHU

���LQ��'LDPHWHU

��LQ�'LDPHWHU

3-0�7XEH

��LQ�

���LQ��'LDPHWHU

3XPS�6XFWLRQ�/LQH

�
)LJXUH�������7RS�9LHZ�RI�WKH�8)3�3URWRW\SLF�7HVW�6WDQG�6KRZLQJ�1RPLQDO�'LPHQVLRQV��

�PHDVXUHPHQW�XQFHUWDLQWLHV�DUH�GLVFXVVHG�LQ�WKH�WH[W��
�
�������� 3-0�&RQILJXUDWLRQV�
�
$OO�RI�WKH�3-0V�IRU�WKH�8)3�SURWRW\SH�ZHUH�FRQVWUXFWHG�IURP���LQFK�GLDPHWHU��������LQFK�,'��VFKHGXOH�
���VWDLQOHVV�VWHHO�SLSHV�ZLWK�WKH�HQG�FRQQHFWHG�WR�DQ�DSSUR[LPDWHO\���R�DQJOH�FRQH�WUXQFDWHG�WR�D���LQFK�
GLDPHWHU�SLSH�ILWWLQJ�WR�ZKLFK�WKH�QR]]OHV�ZHUH�FRQQHFWHG���7KH�F\OLQGULFDO�VHFWLRQ�RI�WKH�3-0V�ZDV�
������LQFKHV�WDOO��WKLV�FRUUHVSRQGV�WR�D�3-0�KHLJKW�VFDOH�IDFWRU�RI�a��������7KH�GLIIHUHQFH�EHWZHHQ�WKH�
8)3�WDQN�GLPHQVLRQ�VFDOH�IDFWRU�DQG�WKH�SXOVH�WXEH�GLPHQVLRQ�VFDOH�IDFWRU�ZDV�GXH�WR�WKH�QHHG�WR�XVH��
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LQ

�LQ

�LQ �LQ �LQ

��LQ

��
LQ

3HULPHWHU�3-0

5HFLUFXODWLRQ�3XPS
'LVFKDUJH�/LQH

&HQWHU�3-0
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)LJXUH�������6FKHPDWLF�RI�WKH�����1R]]OH�8VHG�LQ�WKH�8)3�7HVW�6WDQG�6KRZLQJ�1RPLQDO�'LPHQVLRQV�
�PHDVXUHPHQW�XQFHUWDLQWLHV�DUH�GLVFXVVHG�LQ�WKH�WH[W��

�
DQG�VSDUJHU�K\EULG�FRQILJXUDWLRQV�ZLWKRXW�REVWUXFWLRQ�RI�WKH�VSDUJHUV�E\�DGGLWLRQDO�3-0V���%HFDXVH�WKH�
SXUSRVH�RI�3-0V�ZDV�WR�JHQHUDWH�D�PL[HG�UHJLRQ�DW�WKH�ERWWRP�RI�WKH�YHVVHO�ZLWK�WKH�VSDUJHUV�H[WHQGLQJ�
WKH�PL[HG�UHJLRQ�WR�WKH�YHVVHO�VXUIDFH��IRXU�3-0V�ZHUH�VXLWDEOH�IRU�WHVWLQJ���7KH�DFWXDO�YHVVHO�ZLOO�KDYH�
VL[�3-0V��ZKLFK�ZLOO�SURYLGH�D�ODUJHU�PL[HG�UHJLRQ���7KH�ILQDO�WHVW�VHTXHQFH�����LQ�7DEOH������XVHG�VL[�
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�



� � � � � $WWDFKPHQW���

���� � �

7KH�FHQWHU�3-0�QR]]OH�ZDV�FRQVWUXFWHG�IURP�� � ����LQFK��� � �����LQFK�,'��VFKHGXOH��� � �VWDLQOHVV�VWHHO�SLSH�
DQG�ZDV�SRLQWHG�VWUDLJKW�GRZQ�WRZDUG�WKH�FHQWHU�RI�WKH�WDQN�ERWWRP�DQG�UDLVHG�DSSUR[LPDWHO\���LQFKHV�RII�
WKH�ERWWRP���7KH�SHULPHWHU�3-0�QR]]OHV�ZHUH�FRQVWUXFWHG�IURP�� � ����LQFK��� � �����LQFK�,'���VFKHGXOH��� � �
VWDLQOHVV�VWHHO�SLSH�DQJOHG������XVLQJ�D�VWDQGDUG�����HOERZ�ILWWLQJ��UDGLDOO\�RXWZDUG�IURP�WKH�WDQN�FHQWHU�
DQG�UDLVHG�DSSUR[LPDWHO\���LQFKHV�RII�WKH�WDQN�IORRU���)LJXUH�����LV�D�VFKHPDWLF�RI�WKH�����QR]]OH��DOO�
GLPHQVLRQV�OLVWHG�DUH�ZLWKLQ��� � ���LQFKHV���$OO�WHVWV�ZLWK�WKH�3-0V�ZHUH�FRQGXFWHG�XVLQJ�D�WDUJHW�VWURNH�RI�
�����WR������LQFKHV�����WR��� � �FP��DQG�D�WDUJHW�DYHUDJH�QR]]OH�YHORFLW\�RI������ � ���RU��������P�V��
�
�������� 6SDUJHU�&RQILJXUDWLRQ�
�
7HVWV�XVLQJ�VSDUJHUV�ZHUH�SHUIRUPHG�XVLQJ�DQ�DUUD\�RI�IRXU��RQH�FHQWHU�DQG�WKUHH�SHULPHWHU��VSDUJHUV���
7KH�FHQWHU�VSDUJHU�ZDV�DSSUR[LPDWHO\�PLGZD\�EHWZHHQ�DGMDFHQW�SHULPHWHU�3-0V�DW�D�UDGLDO�SRVLWLRQ�RI�
DSSUR[LPDWHO\�����LQFKHV�IURP�WKH�WDQN�FHQWHUOLQH���7KH�SHULPHWHU�VSDUJHUV�ZHUH�SODFHG�DW�DSSUR[LPDWHO\�
PLGZD\�EHWZHHQ�DGMDFHQW�SHULPHWHU�3-0V�DW�D�SLWFK�GLDPHWHU�RI��� � ����LQFKHV���$OO�RI�WKH�VSDUJHU�WXEHV�
ZHUH�PDGH�IURP�� � ���LQFK�2'��� � ����LQFK�,'��VWDLQOHVV�VWHHO�WXELQJ��DQG�WKH�ORZHU�HQGV�RI�WKH�VSDUJHU�WXEHV�
ZHUH�DSSUR[LPDWHO\���LQFKHV�DERYH�WKH�ERWWRP�RI�WKH�WDQN�DV�PHDVXUHG�IURP�WKH�WDQN�IORRU��RU�DSSUR[�
LPDWHO\���LQFKHV�DERYH�WKH�WLS�RI�WKH�QR]]OH����7HVWV�ZLWK�VSDUJLQJ�ZHUH�FDUULHG�RXW�HLWKHU�ZLWK�WKH�FHQWHU�
VSDUJHU�RSHUDWLQJ�DW�D�WDUJHW�IORZ�UDWH�RI���DFIP�RU�WKH�SHULPHWHU�VSDUJHUV�RSHUDWLQJ�DW�D�WDUJHW�IORZ�UDWH�RI�
��DFIP�HDFK��
�
�������� 5HFLUFXODWLRQ�6\VWHP�&RQILJXUDWLRQ�
�
7KH�SXPS�UHFLUFXODWLRQ�V\VWHP�FRQVLVWHG�RI�WZR�FHQWULIXJDO�SXPSV�SODFHG�LQ�SDUDOOHO�DQG�FRQQHFWHG�LQ�
VHULHV�ZLWK�D�GLDSKUDJP�SXPS�WKDW�VHUYHG�WR�HOLPLQDWH�FDYLWDWLRQ�DQG�SULPH�WKH�FHQWULIXJDO�SXPSV���7KH�
UHFLUFXODWLRQ�SXPS�V\VWHP�ZDV�RSHUDWHG�DW�D�WDUJHW�IORZ�UDWH�RI��� � ����JSP��ZKLFK�FRUUHVSRQGV�WR�
a��� � � � �JSP�DW�IXOO�VFDOH���DQG�WKH�GLVFKDUJH�OLQH�QR]]OH�ZDV�VL]HG�VXFK�WKDW�WKH�OLQHDU�YHORFLW\�H[LWLQJ�
WKH�QR]]OH�ZDV�a�� � �IW�VHF��
�
)RU�WKH�WHVW�VHTXHQFHV�SUHVHQWHG�LQ�WKLV�GRFXPHQW��WKH�UHFLUFXODWLRQ�FRQILJXUDWLRQ�FRQVLVWHG�RI�D�VLQJOH�
GLVFKDUJH�OLQH�RI���LQFK����� � ���LQFK�,'��VFKHGXOH��� � �VWDLQOHVV�VWHHO�SLSH�ZLWK�D���LQFK����� � ���LQFK�,'��
VFKHGXOH��� � �VWDLQOHVV�VWHHO�QR]]OH�SRLQWLQJ�GRZQ���,W�ZDV�ORFDWHG�DSSUR[LPDWHO\�PLGZD\�EHWZHHQ�WZR�RI�
WKH�SHULPHWHU�3-0V�DW�D�UDGLDO�SRVLWLRQ�RI�DSSUR[LPDWHO\�����LQFKHV�IURP�WKH�WDQN�FHQWHUOLQH�DQG�DQ�
HOHYDWLRQ�RI�DSSUR[LPDWHO\����LQFKHV�IURP�WKH�ERWWRP�FHQWHU�RI�WKH�WDQN�IORRU���7KH�SXPS�VXFWLRQ�OLQH�
FRQVLVWHG�RI�D���LQFK����� � ���LQFK�,'��VFKHGXOH��� � �39&�SLSH�ORFDWHG�DW�D�UDGLDO�SRVLWLRQ�RI�DSSUR[LPDWHO\�
��LQFKHV�IURP�WKH�WDQN�ZDOO�RQ�WKH�RSSRVLWH�VLGH�RI�WKH�WDQN�IURP�WKH�GLVFKDUJH�OLQH�DQG�DW�DQ�HOHYDWLRQ�RI�
DSSUR[LPDWHO\���LQFKHV�DV�PHDVXUHG�IURP�WKH�FHQWHU�RI�WKH�LQWDNH�WR�WKH�WDQN�IORRU�EHQHDWK�LW����
�
������ /DJ�6WRUDJH�3URWRW\SLF�9HVVHO�
�
7KH��� � � � �LQFK�GLDPHWHU��IXOO�VFDOH�/6�WDQN�ZDV�UHSUHVHQWHG�E\�D��� � ����LQFK�,'�FOHDU�DFU\OLF�YHVVHO���7KH�
VFDOH�IDFWRU�ZDV�a�������7KH�VFDOHG�/6�SURWRW\SH�DFU\OLF�YHVVHO�ZDV�������LQFKHV�WDOO�ZLWK�D��� � � � ���HOOLS�
WLFDO�GLVK�KHDG�PDGH�RI�VWDLQOHVV�VWHHO���0L[LQJ�WHVWV�LQ�WKLV�YHVVHO�ZHUH�SHUIRUPHG�XVLQJ�GLIIHUHQW�FRP�
ELQDWLRQV�RI�3-0V�DQG�VSDUJHUV�DQG�WKH�UHFLUFXODWLRQ�SXPS�V\VWHP���7RS�DQG�SODQ�YLHZV�RI�WKH�YHVVHO�DQG�
LQWHUQDOV�DUH�VKRZQ�LQ�)LJXUHV�����DQG����� � ���7KH�YDULRXV�WHVW�VHTXHQFHV�LQFOXGHG�LQ�WKLV�GRFXPHQW�DUH�
SUHVHQWHG�LQ�7DEOH�������7KH�FRQILJXUDWLRQ�GHWDLOV��VXEMHFW�WR�WKH�FRQVWUDLQWV�SUHVHQWHG�DW�WKH�EHJLQQLQJ�RI�
6HFWLRQ����DUH�GLVFXVVHG�EHORZ��
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)LJXUH�������7RS�9LHZ�RI�WKH�/6�3URWRW\SH�7HVW�6WDQG�6KRZLQJ�1RPLQDO�'LPHQVLRQV��
�PHDVXUHPHQW�XQFHUWDLQWLHV�DUH�GLVFXVVHG�LQ�WKH�WH[W��

�
�������� 3-0�&RQILJXUDWLRQV�
�
$OO�WKH�3-0V�IRU�WKH�/6�SURWRW\SH�ZHUH�FRQVWUXFWHG�IURP����LQFK�GLDPHWHU�����LQFK�,'��VFKHGXOH��� � �
VWDLQOHVV�VWHHO�SLSH�ZLWK�DQ�DSSUR[LPDWHO\��� � R�DQJOH�FRQH�WUXQFDWHG�WR�D���LQFK�GLDPHWHU�SLSH�ILWWLQJ�WR�
ZKLFK�WKH�QR]]OHV�ZHUH�FRQQHFWHG���7KH�KHLJKW�RI�WKH�F\OLQGULFDO�VHFWLRQ�RI�WKH�3-0V�ZDV�������LQFKHV��
FRUUHVSRQGLQJ�WR�D�3-0�KHLJKW�VFDOH�IDFWRU�RI�a�������7KH�GLIIHUHQFH�EHWZHHQ�WKH�/6�WDQN�DQG�SXOVH�WXEH�
GLPHQVLRQ�VFDOH�IDFWRUV�LV�GXH�WR�WKH�QHHG�WR�XVH�VWDQGDUG�SLSH�VL]HV�IRU�SURFXUHPHQW�H[SHGLHQF\���
+RZHYHU��WKH�YROXPH�H[SHOOHG�IURP�WKH�3-0V�ZDV�FRQVLVWHQW�ZLWK�WKH�/6�VFDOH�IDFWRU�RI�a�������
�
)RU�WKH�/6�WHVW�VHTXHQFHV�SUHVHQWHG�LQ�WKLV�GRFXPHQW��WKH�3-0�DUUD\�FRQVLVWHG�RI�HLJKW�3-0V��ZLWK�RQH�
QHDU�WKH�FHQWHU�RI�WKH�WDQN�DQG�WKH�RWKHU�VHYHQ�QHDUO\�HTXDOO\�VSDFHG�DURXQG�WKH�FHQWHU�3-0�RQ�D�SLWFK�
GLDPHWHU�RI��� � ����LQFKHV���7KLV�ZDV�UHIHUUHG�WR�DV�WKH�³FOXVWHU´�FRQILJXUDWLRQ���
�
)RU�DOO�EXW�RQH�WHVW�VHTXHQFH������ � ��SUHVHQWHG�LQ�WKLV�GRFXPHQW��WKH�FHQWHU�3-0�QR]]OH�ZDV�FRQVWUXFWHG�
IURP���LQFK����� � ���LQFK�,'��VFKHGXOH��� � �VWDLQOHVV�VWHHO�SLSH�SRLQWHG�VWUDLJKW�GRZQ�WRZDUG�WKH�FHQWHU�RI�
WKH�WDQN�ERWWRP�DQG�UDLVHG�DSSUR[LPDWHO\���LQFKHV�RII�WKH�ERWWRP���)RU�VHTXHQFH��� � ��D���LQFK��� � �����LQFK�
,'��VFKHGXOH��� � �VWDLQOHVV�VWHHO�SLSH�ZDV�XVHG�IRU�WKH�FHQWHU�QR]]OH���)RU�DOO�WHVW�VHTXHQFHV�SUHVHQWHG�LQ�WKLV�
GRFXPHQW��WKH�SHULPHWHU�3-0�QR]]OHV�ZHUH�FRQVWUXFWHG�IURP���LQFK��� � �����LQFK�,'���VFKHGXOH��� � �39&�
SLSH��DQJOHG������XVLQJ�D�VWDQGDUG�����HOERZ�ILWWLQJ��UDGLDOO\�RXWZDUG�IURP�WKH�WDQN�FHQWHU�DQG�UDLVHG�
DSSUR[LPDWHO\���LQFKHV�RII�WKH�WDQN�IORRU���)LJXUH������LV�D�VFKHPDWLF�RI�WKH�����DQJOHG�QR]]OH��DOO�
GLPHQVLRQV�LQ�WKLV�ILJXUH�DUH�ZLWKLQ��� � ���LQFKHV���$OO�WHVWV�ZLWK�WKH�3-0V�ZHUH�FRQGXFWHG�XVLQJ�D�WDUJHW�
VWURNH�RI������WR������LQFKHV����±�� � �FP��DQG�D�WDUJHW�DYHUDJH�QR]]OH�YHORFLW\�RI������ � ����RU��������P�V��
�
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)LJXUH��������3ODQ�9LHZ�RI�WKH�/6�3URWRW\SH�7HVW�6WDQG�6KRZLQJ�1RPLQDO�'LPHQVLRQV��
�PHDVXUHPHQW�XQFHUWDLQWLHV�DUH�GLVFXVVHG�LQ�WKH�WH[W��

�
�������� 6SDUJHU�&RQILJXUDWLRQ�
�
7HVWV�ZLWK�VSDUJHUV�ZHUH�SHUIRUPHG�XVLQJ�DQ�DUUD\�RI�HLJKW�VSDUJHUV�QHDUO\�HTXDOO\�GLVWULEXWHG�DURXQG�WKH�
WDQN�FLUFXPIHUHQFH�DW�D�SLWFK�GLDPHWHU�RI�������LQFKHV���7KH�VSDUJHU�WXEHV�ZHUH�PDGH�IURP�� � ���LQFK�2'�
�� � ����LQFK�,'��VWDLQOHVV�VWHHO�WXELQJ���7KH�ORZHU�HQG�RI�WKH�VSDUJHU�WXEHV�ZDV�DSSUR[LPDWHO\���LQFKHV�
DERYH�WKH�WDQN�IORRU��RU�DSSUR[LPDWHO\���LQFKHV�IURP�WKH�WLS�RI�WKH�SHULPHWHU�QR]]OHV����6SDUJLQJ�WHVWV�
ZHUH�FDUULHG�RXW�XVLQJ�HLWKHU�IRXU�DOWHUQDWLQJ�RU�DOO�HLJKW�VSDUJHUV���,Q�ERWK�FDVHV��WKH�WDUJHW�DLU�IORZ�UDWH�
IRU�HDFK�VSDUJHU�ZDV���DFIP��
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�������� 5HFLUFXODWLRQ�6\VWHP�&RQILJXUDWLRQ�
�
7KH�SXPS�UHFLUFXODWLRQ�V\VWHP�FRQVLVWHG�RI�WZR�FHQWULIXJDO�SXPSV�SODFHG�LQ�SDUDOOHO�DQG�FRQQHFWHG�LQ�
VHULHV�ZLWK�D�GLDSKUDJP�SXPS�WKDW�VHUYHG�WR�HOLPLQDWH�FDYLWDWLRQ�DQG�SULPH�WKH�FHQWULIXJDO�SXPSV���7KH�
UHFLUFXODWLRQ�SXPS�V\VWHP�ZDV�RSHUDWHG�DW�D�WDUJHW�IORZ�UDWH�RI���������JSP��ZKLFK�FRUUHVSRQGV�WR�
a�����JSP�DW�IXOO�VFDOH����7KH�QR]]OHV�DW�WKH�GLVFKDUJH�ZHUH�JHQHUDOO\�VL]HG�VXFK�WKDW�WKH�QRPLQDO�OLQHDU�
YHORFLW\�ZDV�a���IW�VHF��DOWKRXJK�GXULQJ�6HTXHQFH����WHVWV�ZLWK�WZR�GLVFKDUJH�QR]]OHV��WKH�QR]]OH�
GLDPHWHU�ZDV�VHOHFWHG�WR�SURYLGH�D�OLQHDU�YHORFLW\�RI�a����IW�VHF��
�
)RU�WKH�WHVW�VHTXHQFHV�SUHVHQWHG�LQ�WKLV�GRFXPHQW��WKH�SXPS�VXFWLRQ�FRQVLVWHG�RI���LQFK��������LQFK�,'��
VFKHGXOH����39&�SLSH���7KH�HQG�RI�WKH�VXFWLRQ�OLQH�KDG�VHYHUDO�����LQFK�KROHV�GULOOHG�DORQJ�LWV�VLGH�WR�
SURYLGH�DGGLWLRQDO�DUHD�IRU�VLPXODQW�IORZ���)RU�DOO�WHVW�VHTXHQFHV�H[FHSW�6HTXHQFH�����WKH�VXFWLRQ�OLQH�ZDV�
LQ�WKH�VSDFH�EHWZHHQ�WKH�FHQWHU�DQG�WZR�DGMDFHQW�SHULPHWHU�3-0V���)RU�6HTXHQFH�����WKH�VXFWLRQ�OLQH�ZDV�
URXJKO\�DW�D�GLVWDQFH�PLGZD\�EHWZHHQ�WKH�WZR�GLVFKDUJH�OLQHV�DW�D�UDGLDO�SRVLWLRQ�RI�DERXW����LQFKHV�IURP�
WKH�WDQN�FHQWHUOLQH���([FHSW�IRU�6HTXHQFH�����WKH�HOHYDWLRQ�RI�WKH�VXFWLRQ�OLQH�YDULHG�IURP���WR����LQFKHV�
DERYH�WKH�WDQN�IORRU�GXULQJ�WKH�WHVWLQJ�WR�PLQLPL]H�FDYLWDWLRQ�GXH�WR�LWV�SUR[LPLW\�WR�WKH�VSDUJHUV�RU�WR�
PLQLPL]H�LWV�LQIOXHQFH�GXULQJ�G\H�LQMHFWLRQ�QHDU�WKH�ERWWRP�RI�WKH�WDQN���,Q�6HTXHQFH�����WKH�VXFWLRQ�OLQH�
ZDV�������LQFKHV�RII�WKH�WDQN�IORRU��DV�PHDVXUHG�GLUHFWO\�XQGHU�WKH�QR]]OH�DQG�VKRZQ�LQ�)LJXUH���������
�
,Q�WKLV�GRFXPHQW��IRXU�VHTXHQFHV�RI�WHVWV�FRQGXFWHG�ZLWK�WKH�UHFLUFXODWLRQ�SXPS�DUH�SUHVHQWHG���7KLV�
LQFOXGHV�WZR�WHVWV�ZLWK�WZR�GLVFKDUJH�QR]]OHV��VHTXHQFHV����DQG�����DQG�WZR�WHVWV�ZLWK�IRXU�GLVFKDUJH�
QR]]OHV��VHTXHQFHV���DQG���$����$�VFKHPDWLF�RI�WKH�UHFLUFXODWLRQ�QR]]OH�XVHG�LQ�6HTXHQFH����LV�VKRZQ�LQ�
)LJXUH�������DOO�GLPHQVLRQV�OLVWHG�LQ�WKLV�ILJXUH�DUH�ZLWKLQ������LQFKHV��
�

1 2 3 4 5
6 2 7 4 5

8 2 1�4 5
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6 2 6 4 5

3 2 9 4 5 9 2 6 4 5
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�
)LJXUH��������5HFLUFXODWLRQ�3XPS�'LVFKDUJH�1R]]OHV�8VHG�LQ�/6�6HTXHQFH�����

�PHDVXUHPHQW�XQFHUWDLQWLHV�DUH�GLVFXVVHG�LQ�WKH�WH[W��
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$OO�GLVFKDUJH�OLQHV�ZHUH�FRQVWUXFWHG�RXW�RI���LQFK��������LQFK�,'��VFKHGXOH����VWDLQOHVV�VWHHO�SLSH���7KH�
ILUVW�WHVW�ZLWK�WZR�GLVFKDUJH�QR]]OHV��6HTXHQFH�����FRQVLVWHG�RI������LQFK�VFKHGXOH����VWDLQOHVV�VWHHO�SLSHV�
WKDW�ZHUH�ERUHG�RXW�WR�D�������������LQFK�,'���7KH�VHFRQG�WHVW�ZLWK�WZR�GLVFKDUJH�QR]]OHV��6HTXHQFH�����
FRQVLVWHG�RI������LQFK�VFKHGXOH����VWDLQOHVV�VWHHO�SLSHV�WKDW�ZHUH�ERUHG�RXW�WR�D�������������LQFK�,'���7KH�
QR]]OHV�IRU�WKH�WZR�WHVW�VHTXHQFHV�ZLWK�IRXU�GLVFKDUJH�OLQHV��6HTXHQFHV���DQG�����FRQVLVWHG�RI�����LQFK�
�������LQFK�,'��VFKHGXOH����VWDLQOHVV�VWHHO�SLSH��
�
)RU�6HTXHQFHV����DQG�����WKH�QR]]OHV�ZHUH�GLDJRQDOO\�RSSRVLWH�HDFK�RWKHU�LQ�WKH�WDQN�DW�D�SLWFK�GLDPHWHU�
RI�������LQFKHV���)RU�6HTXHQFH�����WKH�QR]]OHV�ZHUH�SRLQWHG�XSZDUG�DW�DQ�DQJOH�RI�DSSUR[LPDWHO\�����DQG�
UDLVHG�WR�DQ�HOHYDWLRQ�RI�DSSUR[LPDWHO\����LQFKHV���7KH�QR]]OH�DQJOHV�IRUPHG�E\�WKH�OLQH�IURP�WKH�FHQWHU�
RI�WKH�WDQN�WR�WKH�FHQWHU�RI�WKH�GLVFKDUJH�OLQH�DQG�WKH�OLQH�SDVVLQJ�WKURXJK�WKH�GLVFKDUJH�QR]]OH�ZHUH�
DSSUR[LPDWHO\���R�SRLQWLQJ�LQZDUG���)RU�6HTXHQFH�����WKH�QR]]OHV�ZHUH�SRLQWHG�XS�DW�DQ�DQJOH�RI�
����������DQG�UDLVHG�WR�D�������LQFK�HOHYDWLRQ���7KH�QR]]OH�DQJOHV�IRUPHG�E\�WKH�OLQH�IURP�WKH�FHQWHU�RI�
WKH�WDQN�WR�WKH�FHQWHU�RI�WKH�GLVFKDUJH�OLQH�DQG�WKH�OLQH�SDVVLQJ�WKURXJK�WKH�GLVFKDUJH�QR]]OH�ZHUH���������
SRLQWLQJ�LQZDUG�DQG�DUH�VKRZQ�VFKHPDWLFDOO\�LQ�)LJXUH�������
��

�
�

)LJXUH��������7RS�9LHZ�RI�WKH�5HFLUFXODWLRQ�1R]]OHV�LQ�WKH�7DQN�IRU�/6�6HTXHQFH�����
�PHDVXUHPHQW�XQFHUWDLQWLHV�DUH�GLVFXVVHG�LQ�WKH�WH[W��
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)RU�6HTXHQFHV���DQG�����WKH�QR]]OHV�ZHUH�ORFDWHG�DORQJ�WKH�IRXU�FRUQHUV�RI�D�QHDUO\�VTXDUH�UHFWDQJOH�DW�D�
SLWFK�GLDPHWHU�RI�������LQFKHV���)RU�6HTXHQFH����WKH�QR]]OHV�ZHUH�SRLQWHG�XSZDUG�DW�DQ�DQJOH�RI�DSSUR[�
LPDWHO\�����DQG�UDLVHG�WR�DQ�HOHYDWLRQ�RI�DSSUR[LPDWHO\����LQFKHV�UHODWLYH�WR�WKH�ERWWRP�FHQWHU�RI�WKH�WDQN���
7KH�QR]]OHV�ZHUH�SRLQWHG�DSSUR[LPDWHO\�WDQJHQWLDO�WR�WKH�WDQN�ZDOO���)RU�6HTXHQFH�����WKH�QR]]OHV�ZHUH�
SRLQWHG�XS�DW�DQ�DQJOH�RI�DSSUR[LPDWHO\�����DQG�UDLVHG�WR�DQ�HOHYDWLRQ�RI�DSSUR[LPDWHO\����LQFKHV�UHODWLYH�
WR�WKH�ERWWRP�FHQWHU�RI�WKH�WDQN���7KH�QR]]OHV�ZHUH�DSSUR[LPDWHO\�WDQJHQWLDO�WR�WKH�WDQN�ZDOO��
�
������ 6\VWHP�2SHUDWLRQ�DQG�'DWD�$FTXLVLWLRQ�
�
8QOLNH�FRQYHQWLRQDO�3-0V��ZKRVH�RSHUDWLRQ�LV�UHJXODWHG�E\�-33V�GULYHQ�E\�FRPSUHVVHG�DLU��WKH�SURWRW\SH�
WHVW�V\VWHPV�XVHG�D�VHULHV�RI�VROHQRLG�YDOYHV�DQG�D�FRPELQDWLRQ�RI�DQ�DLU�FRPSUHVVRU�DQG�D�YDFXXP�SXPS�
WR�VLPXODWH�WKH�GULYH�DQG�VXFWLRQ�SKDVHV�RI�3-0�RSHUDWLRQ���7KHVH�RSHUDWLRQV�ZHUH�FRQWUROOHG�WKURXJK�D�
FRQWURO�ORJLF�SURJUDP�XVLQJ�'$6</DE�WKDW�WXUQV�WKH�DSSURSULDWH�VROHQRLG�YDOYHV�RQ�DQG�RII�DW�VSHFLILHG�
WLPH�LQWHUYDOV���7KH�GXUDWLRQ�RI�HDFK�SKDVH��WKH�DSSOLHG�SUHVVXUH��DQG�WKH�YDFXXP�DUH�DOO�YDULDEOHV�WKDW�FDQ�
EH�LQGHSHQGHQWO\�YDULHG�WR�VLPXODWH�WKH�RSHUDWLRQ�RI�WKH�3-0V���7KH�3-0V�ZHUH�RSHUDWHG�DW�D�VSHFLILF�
DYHUDJH�QR]]OH�YHORFLW\�� GLVFK���ZKLFK�LV�GHILQHG�DV�
�
� � � � $5W

+X GLVFK ∗
∆

∆= � ������
�
ZKHUH� +�LV�WKH�OHQJWK�RI�WKH�3-0�VWURNH�� W�LV�WKH�WLPH�IRU�DFKLHYLQJ�WKH�VWURNH��DQG�$5�LV�WKH�DUHD�UDWLR�
RI�WKH�3-0�WR�WKH�QR]]OH��7KLV�HTXDWLRQ�LV�WKH�VDPH�DV�(TXDWLRQ�$���LQ�$SSHQGL[�$��
�
,Q�DGGLWLRQ�WR�WKH�3-0�RSHUDWLRQ��WKH�UHFLUFXODWLRQ�SXPS�IORZ�UDWHV�ZHUH�FRQWUROOHG�XVLQJ�D�YDULDEOH�
IUHTXHQF\�GULYHV��9)'V��RQ�WKH�FHQWULIXJDO�SXPSV�DQG�WKH�DLU�SUHVVXUH�WR�WKH�GLDSKUDJP�SXPS���)LQDOO\��
WKH�VSDUJHU�DLU�IORZ�UDWHV�ZHUH�FRQWUROOHG�XVLQJ�URWDPHWHUV��
�
'XULQJ�HDFK�PL[LQJ�WHVW��VHYHUDO�YDULDEOHV�VXFK�DV�3-0�OLTXLG�OHYHOV�DQG�SUHVVXUHV��WDQN�DQG�DPELHQW�
WHPSHUDWXUHV��UHFLUFXODWLRQ�SXPS�IORZ�UDWH��DQG�GHQVLW\�ZHUH�PRQLWRUHG�FRQWLQXRXVO\�DQG�UHFRUGHG�
GLJLWDOO\�RQ�D�FRPSXWHU���7KH�OLTXLG�VOXUU\�OHYHO�LQVLGH�HDFK�RI�WKH�3-0V�ZDV�PHDVXUHG�XVLQJ�'UH[HOERRN�
FDSDFLWDQFH�OHYHO�SUREHV�DQG�WUDQVPLWWHUV���7KH�IXQFWLRQDOLW\�RI�WKH�OHYHO�SUREHV�ZDV�FKHFNHG�SULRU�WR�WKH�
VWDUW�RI�D�VHTXHQFH�RI�WHVWV�ZKLFK�W\SLFDOO\�UDQ�IURP���WR���KRXUV���&RPSUHVVRU�DQG�YDFXXP�VXSSO\�
SUHVVXUHV�DQG�WKH�SUHVVXUH�LQVLGH�HDFK�3-0�ZHUH�PRQLWRUHG�XVLQJ�(QGUHVV�+DXVHU�FHUDPLF�SUHVVXUH�
WUDQVGXFHUV���7KH�WDQN�DQG�DPELHQW�WHPSHUDWXUHV�ZHUH�PHDVXUHG�XVLQJ�7\SH�.�WKHUPRFRXSOHV���7KH�IORZ�
UDWH�DQG�GHQVLW\�RI�WKH�VOXUU\�IURP�WKH�UHFLUFXODWLRQ�SXPS�ZDV�PHDVXUHG�XVLQJ�D���LQFK�0LFUR0RWLRQ�
&RULROLV�PDVV�IORZ�PHWHU���,Q�DGGLWLRQ�WR�WKHVH�YDULDEOHV��ZKLFK�ZHUH�GLJLWDOO\�PRQLWRUHG��WKH�VSDUJHU�DLU�
IORZ�UDWHV�DQG�SUHVVXUHV�ZHUH�UHFRUGHG�PDQXDOO\�RQ�WKH�UXQ�GDWD�ORJ�VKHHWV�RU�LQ�WKH�SURMHFW�ODERUDWRU\�
UHFRUG�ERRNV��/5%V����
�
'XULQJ�WKH�*5	5�WHVWV��LQ�DGGLWLRQ�WR�WKH�DERYH�SDUDPHWHUV�WKH�OLTXLG�OHYHO�LQ�WKH�WDQN�DQG�WKH�+�2��IORZ�
UDWH�GHQVLW\�ZHUH�DOVR�PRQLWRUHG�DQG�UHFRUGHG�GLJLWDOO\���7KH�OLTXLG�OHYHO�LQ�WKH�WDQN�RXWVLGH�WKH�3-0V�ZDV�
PRQLWRUHG�FRQWLQXRXVO\�XVLQJ�XOWUDVRQLF�OHYHO�GHWHFWRUV���,Q�DGGLWLRQ��WKH�+�2��IORZ�UDWH�GHQVLW\�ZDV�
PRQLWRUHG�XVLQJ�D������LQFK�0LFUR0RWLRQ�&RULROLV�PDVV�IORZ�PHWHU��
�
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������ 0L[LQJ�(IIHFWLYHQHVV�'HWHUPLQDWLRQ�
�
7KH�SULPDU\�PHDVXUHPHQW�LQ�WKH�VFDOHG�SURWRW\SLF�WHVW�SODWIRUPV�LV�WKH�VL]H�DQG�H[WHQW�RI�WKH�PRELOL]DWLRQ�
FDYHUQ�UHVXOWLQJ�IURP�3-0�RSHUDWLRQV�DQG�3-0V�FRPELQHG�ZLWK�UHFLUFXODWLRQ��L�H���VWHDG\�MHW��DQG�RU�
VSDUJLQJ���7KLV�ZDV�DFKLHYHG�XVLQJ�D�FKHPLFDO�WUDFHU�PHWKRG�GLVFXVVHG�LQ�GHWDLO�LQ�6HFWLRQ�����DQG�
$SSHQGL[�%���7KLV�VHFWLRQ�GHDOV�RQO\�ZLWK�WKH�PHWKRG�LQ�ZKLFK�WKH�WUDFHU�ZDV�LQMHFWHG�LQWR�WKH�WDQN�DQG�
KRZ�WKH�VDPSOHV�ZHUH�FROOHFWHG���
�
7KH�UHTXLUHG�DPRXQW�RI�WUDFHU��W\SLFDOO\�%ULOOLDQW�%OXH�G\H�LQ�DQ�DPRXQW�HTXDO�WR�a���J�SHU�����JDO�RI�FOD\�
VLPXODQW�LQ�WKH�WDQN��ZDV�PL[HG�ZLWK�a��OLWHUV�RI�WKH�VDPH�FOD\�VLPXODQW�WKDW�ZDV�XVHG�LQ�WKH�WHVWLQJ���7KH�
FRQFHQWUDWHG�WUDFHU�FOD\�PL[WXUH�ZDV�LQMHFWHG�SULRU�WR�WKH�VWDUW�RI�D�VHTXHQFH�RI�WHVWV�DW�ORZHVW�QR]]OH�
YHORFLW\�RI�WKDW�WHVW�VHTXHQFH���7KH�FRQFHQWUDWHG�WUDFHU�VOXUU\�ZDV�LQMHFWHG�LQWR�WKH�FHQWHU�3-0�GXULQJ�WKH�
YDFXXP�SKDVH�RI�WKH�3-0�F\FOH�RYHU�D�SHULRG�RI�DSSUR[LPDWHO\����PLQXWHV���2QFH�WUDFHU�LQMHFWLRQ�ZDV�
FRPSOHWHG��WKH�WUDFHU�LQMHFWLRQ�OLQH�ZDV�SXUJHG�ZLWK�FOHDQ�FOD\�WR�HQVXUH�FRPSOHWH�WUDQVIHU�RI�WKH�WUDFHU�
LQWR�WKH�3-0���2QFH�WKH�OLQH�ZDV�SXUJHG��VLPXODQW�VDPSOHV�IURP�WKH�WDQN�ZHUH�FROOHFWHG�RYHU�D�SHULRG�RI�
DW�OHDVW����PLQXWHV�RI�3-0�RSHUDWLRQ���6DPSOHV�ZHUH�ZLWKGUDZQ�DW�YDULRXV�WLPHV�IURP�ILYH�GLIIHUHQW�
VDPSOH�OLQHV�LQVWDOOHG�LQ�WKH�3-0V�DQG�WKH�WDQN���7KUHH�RI�WKHVH�VDPSOHV�ZHUH�GUDZQ�IURP�WKUHH�SHULPHWHU�
3-0V�DQG�WKH�UHPDLQLQJ�WZR�VDPSOHV�ZHUH�GUDZQ�IURP�WKH�DQQXOXV�EHWZHHQ�WKH�3-0�DQG�WDQN�ZDOO�DW�
HOHYDWLRQV�UHSUHVHQWLQJ�WKH�ORZHU�DQG�XSSHU�KDOYHV�RI�WKH�WDQN��UHVSHFWLYHO\���$IWHU�FRPSOHWLRQ�RI�WKH�
VSHFLILHG�UXQ�FRQGLWLRQV��WKH�WDQN�ZDV�FRPSOHWHO\�KRPRJHQL]HG�DQG�ILQDO�KRPRJHQL]HG�VDPSOHV�FROOHFWHG���
&RPSDULVRQ�RI�WKH�WUDFHU�FRQFHQWUDWLRQ�LQ�WKH�YDULRXV�VDPSOHV�ZLWK�WKH�ILQDO�KRPRJHQL]HG�VDPSOHV�SUR�
YLGHV�WKH�SHUFHQW�PL[HG�DV�D�IXQFWLRQ�RI�WLPH�DQG�UXQ�FRQGLWLRQV���&RPSOHWH�DQG�VXFFHVVIXO�PL[LQJ�LV�
GHILQHG�DV������DV�LQGLFDWHG�E\�WKH�FKHPLFDO�WUDFHU�PHWKRG��
�
������ 6ROLGV�6XVSHQVLRQ�8QGHU�7XUEXOHQW�&RQGLWLRQV�
�
8QGHU�VRPH�FRQGLWLRQV�WKH�UKHRORJ\�ZLOO�EH�ORZ�DQG�VROLGV�PD\�VHWWOH�WR�WKH�ERWWRP�RI�WKH�WDQN���3-0V�DUH�
ZHOO�GHVLJQHG�WR�SLFN�XS�VXFK�VROLGV�EHFDXVH�WKH\�GLUHFW�D�WXUEXOHQW�MHW�DJDLQVW�WKH�ERWWRP�RI�WKH�WDQN���
6ROLGV�VXVSHQVLRQ�LQ�PHFKDQLFDOO\�VWLUUHG�WDQNV�LV�FKDUDFWHUL]HG�E\�WKH�³MXVW�VXVSHQGHG´�FULWHULD�GHYHO�
RSHG�E\�=ZLHWHULQJ��������$WLHPR�2EHQJ��������ZKHUH�QR�VROLGV�UHPDLQ�RQ�WKH�ERWWRP�RI�WKH�WDQN�IRU�
PRUH�WKDQ�D�IHZ�VHFRQGV���7KH�%+5*�)03�FRQVRUWLXP�KDV�VKRZQ�WKDW�IRU�VWHDG\�GRZQZDUG�SRLQWLQJ�MHWV�
DQ�HTXDWLRQ�RI�IXQFWLRQDOLW\�VLPLODU�WR�WKDW�RI�=ZLHWHULQJ�FDQ�EH�GHYHORSHG��D���7KH�VDPH�IRUP�DQG�
IXQFWLRQDOLWLHV�ZRXOG�EH�H[SHFWHG�WR�DSSO\�IRU�PXOWLSOH�SXOVHG�MHWV��
�
� � � � 9MV� �.��� �������GS�����;����� ������
�
ZKHUH�
� 9MV��� �PLQLPXP�YHORFLW\�WR�VXVSHQG�VROLGV�
� ��� �GHQVLW\�GLIIHUHQFH�EHWZHHQ�VROLGV�DQG�OLTXLG�
� GS�� � �PD[LPXP�SDUWLFOH�VL]H�
� ;�� � �ZW��RI�VROLGV���
�
7R�GHWHUPLQH�WKH�VROLGV�VXVSHQVLRQ�FKDUDFWHULVWLFV�RI�VHYHUDO�RI�WKH�SXOVH�MHW�PL[HG�WDQNV�LQ�WKH�:73�DUHD��
WHVWV�ZHUH�UXQ�VLPLODU�WR�WKRVH�GRQH�E\�=ZLHWHULQJ�DQG�)03���$�VPDOO�FRQFHQWUDWLRQ�RI���PP�JODVV�EHDGV�
������������������������������������������������������
�D���3HUVRQDO�FRPPXQLFDWLRQ�ZLWK�)03�RQ�³-HW�6ROLG�6XVSHQVLRQ�'HVLJQ�*XLGH�´�)03�UHSRUW�������
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ZDV�SODFHG�LQ�WKH�ERWWRP�RI�WKH�WDQN�DQG�WKH�3-0�YHORFLW\�LQFUHDVHG�LQ�LQFUHPHQWV�XQWLO�WKH�VROLGV�ZHUH�
REVHUYHG�WR�OLIW�RII�WKH�ERWWRP���0DQ\�ZRUNHUV�KDYH�VKRZQ�WKDW�YLVXDO�DQG�LQVWUXPHQWDWLRQ�PHWKRGV�IRU�
GHWHUPLQLQJ�WKH�MXVW�VXVSHQGHG�YHORFLW\�JLYH�YHU\�VLPLODU�UHVXOWV��%URZQ�HW�DO���������
�
7KH�FRQFHQWUDWLRQV�XVHG�LQ�WKH�=ZHLWHULQJ�WHUPV�ZHUH�����WR�����ZW����7KH�=ZLHWHULQJ�DQG�)03�
FRUUHODWLRQV�VKRZ�WKDW�WKH�PLQLPXP�YHORFLW\�WR�SLFN�XS�VROLGV�LV�D�ZHDN�IXQFWLRQ�RI�VROLGV�IUDFWLRQ�DQG�
SDUWLFOH�VL]H�DQG�PDLQO\�GHSHQGV�RQ�WKH�GHQVLW\�GLIIHUHQFH���7KXV��XVLQJ�GHQVH�JODVV�������NJ�P���DQG�
ODUJH�SDUWLFOHV�JLYHV�D�JRRG�HVWLPDWH�RI�WKH�H[DFW�YHORFLW\�UHTXLUHG�DQG�PDNHV�REVHUYDWLRQ�HDVLHU���
�
������ 9LVXDO�2EVHUYDWLRQV�'XULQJ��'\H��7UDFHU�7HVWV�
�
9LVXDO�REVHUYDWLRQV�RI�WKH�WDQN�VXUIDFH�DQG�ZDOOV�VXSSOHPHQWHG�WKH�XQGHUVWDQGLQJ�RI�WKH�WHVW�UHVXOWV���
*HQHUDO�REVHUYDWLRQV�ZHUH�PDGH�WR�FKDUDFWHUL]H�IORZ�FRQGLWLRQV�RQ�WKH�WDQN�VXUIDFH��LQFOXGLQJ�HDVLO\�
REVHUYHG�XSZHOOLQJ�RI�PDWHULDO�GXH�WR�3-0�GLVFKDUJH��UHFLUFXODWLRQ�SXPS�RSHUDWLRQ��RU�DLU�VSDUJLQJ���
%HFDXVH�LQ�DOO�H[SHULPHQWV�WKH�FKHPLFDO�WUDFHU�ZDV�%ULOOLDQW�%OXH�G\H��REVHUYDWLRQV�RI�WKH�VOXUU\�VXUIDFH�
ZHUH�PDGH�WR�YHULI\�WKDW�G\H�GLG�QRW�SUHPDWXUHO\�EUHDN�WKURXJK�WKH�VXUIDFH�GXULQJ�WUDFHU�LQMHFWLRQ���7KH�
VXUIDFH�ZDV�DOVR�PRQLWRUHG�GXULQJ�WKH�UXQ�WR�GHWHUPLQH�ZKHWKHU�G\H�EURNH�WKURXJK�WKH�VXUIDFH�GXH�WR�
XSZHOOLQJ�RI�QHZ�VOXUU\�RQWR�WKH�VXUIDFH���$�YLGHR�FDPHUD�UHFRUGHG�WKH�VLPXODQW�VXUIDFH�LPDJH�GXULQJ�
HDFK�WHVW���7KH�WDQN�ZDOOV�ZHUH�PRQLWRUHG�GXULQJ�WUDFHU�G\H�LQMHFWLRQ�WR�YHULI\�WKDW�WKH�SHULPHWHU�3-0V�
ZHUH�GLVFKDUJLQJ�G\HG�VOXUU\���$IWHU�G\H�LQMHFWLRQ��WKH�WDQN�ZDOOV�ZHUH�PRQLWRUHG�IRU�HYLGHQFH�RI�G\HG�
VOXUU\�VSUHDGLQJ�XSZDUG�DQG�RU�ODWHUDOO\�DORQJ�WKH�ZDOO���'U\�HUDVH�PDUNHUV�ZHUH�XVHG�WR�PDS�G\HG�DUHDV�
RQ�WKH�WDQN�ZDOO�DQG�IRU�VNHWFKLQJ�D�F\OLQGULFDO�SURMHFWLRQ�PDS�RI�WKH�G\HG�DUHDV�RQ�WKH�DFU\OLF�WDQN�ZDOO���
7KH�PDUNLQJV�RQ�WKH�WDQN�ZDOO�ZHUH�DOVR�UHFRUGHG�ZLWK�D�YLGHR�UHFRUGHU���0DSSLQJ�WUDFHU�ORFDWLRQV�DORQJ�
WKH�WDQN�ZDOOV�VXSSOHPHQWHG�LQWHUSUHWDWLRQ�RI�WUDFHU�RQ�WKH�VOXUU\�VXUIDFH�IRU�EUHDNWKURXJK�GXH�WR�FDYHUQ�
JURZWK��IORZ�GXH�WR�WKH�VSDUJHUV�RU�SXPS�UHFLUFXODWLRQ��DQG�LQWHUSUHWDWLRQ�RI�WUDFHU�VDPSOLQJ�UHVXOWV���,Q�
VRPH�UXQV��GLUHFW�HYLGHQFH�ZDV�REVHUYHG�RI�WXUEXOHQFH�GXH�WR�DLU�VSDUJHUV�RU�3-0�GLVFKDUJHV��ZKLFK�ZHUH�
VHHQ�DV�D�ULSSOLQJ�HIIHFW�H[WHQGLQJ�XS�WKH�WDQN�ZDOO�DW�VSHFLILF�ORFDWLRQV���7KLV�VXSSOHPHQWHG�WKH�WUDFHU�
REVHUYDWLRQV�RI�FDYHUQ�KHLJKW�DW�WKH�WDQN�ZDOO���2EVHUYDWLRQV�RI�GDUN�SDUWLFXODWHV�HQWUDLQHG�LQ�WKH�VOXUU\�DW�
WKH�WDQN�ZDOO�ZHUH�DOVR�PDGH�WR�IROORZ�IORZ�OLQHV�GXULQJ�VRPH�RI�WKH�UHFLUFXODWLQJ�SXPS�RSHUDWLRQV��
SDUWLFXODUO\�RI�IORZ�WRZDUG�WKH�SXPS�UHWXUQ�OLQH���
�
������ 6SHFLILF�2EVHUYDWLRQV�'XULQJ�*DV�5HWHQWLRQ�DQG�5HOHDVH�7HVWV�
�
'XULQJ�*5	5�WHVWV�WKH�WDQN�OHYHO�FKDQJHV�ZHUH�PRQLWRUHG�WR�GHWHUPLQH�WKH�JDV�IUDFWLRQ�LQ�WKH�VLPXODQW���
7KH�UHWDLQHG�JDV�YROXPH�ZDV�HVWLPDWHG�E\�PHDVXULQJ�WKH�VLPXODQW�OHYHO�FKDQJHV�UHIHUHQFHG�WR�WKH�
VLPXODQW�OHYHO�ZLWK�QR�UHWDLQHG�JDV��VHH�6HFWLRQ�����IRU�GHWDLOV����:KLOH�WKH�OLTXLG�OHYHOV�ZHUH�UHFRUGHG�
GLJLWDOO\�E\�WKH�'$&6��REVHUYHUV�YLVXDOO\�UHFRUGHG�VOXUU\�OHYHOV�DORQJ�WKH�WDQN�ZDOOV�DW�WKUHH�ORFDWLRQV�
XVLQJ�WDSH�PHDVXUHV�DWWDFKHG�WR�WKH�WDQN�ZDOO�DQG�RU�VXVSHQGHG�IURP�WKH�WDQN�ULP���,Q�DGGLWLRQ��D�YLGHR�
UHFRUGLQJ�ZDV�PDGH�RI�RQH�RI�WKHVH�VWDWLRQV���7KHVH�REVHUYDWLRQV�VXSSOHPHQWHG�GDWD�FROOHFWHG�IURP�XOWUD�
VRQLF�OHYHO�LQGLFDWRUV�DQG�ZHUH�XVHG�WR�LQWHUSUHW�JDV�UHOHDVH�DQG�KROGXS���,Q�DGGLWLRQ��SHULRGLF�JHQHUDO�
REVHUYDWLRQV�ZHUH�PDGH�DV�DSSURSULDWH�WR�WKH�UXQ�WR�DLG�LQ�LQWHUSUHWDWLRQ�RI�WKH�WHVWV��
�
�
�
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���� 6SDUJHU�7HVWLQJ�
�
7R�DVVHVV�WKH�SHUIRUPDQFH�RI�VSDUJHUV�LQ�:73�DFWXDO�ZDVWH�UKHRORJ\�ERXQGLQJ�QRQ�1HZWRQLDQ�VOXUULHV�
QHDU�IXOO�VFDOH��DQ�H[SHULPHQWDO�DSSDUDWXV�FRQVLVWLQJ�RI�D�ODUJH�VFDOH�WDQN�ZLWK�D�VLQJOH�VSDUJH�SRLQW�ZDV�
XVHG���7KH�WDQN�XVHG�KDG�DQ�DSSUR[LPDWHO\����IW�,'�FRQLFDO�ERWWRP�DQG�D�KHLJKW�RI�DERXW����IW���7KLV�
YHVVHO�ZDV�ILOOHG�ZLWK�D�NDROLQ�EHQWRQLWH�VLPXODQW�ZLWK�%LQJKDP�SODVWLF�UKHRORJLFDO�SDUDPHWHUV�RI����F3�
FRQVLVWHQF\�DQG����3D�\LHOG�VWUHVV���$�����LQFK�VFKHGXOH����SLSH�ZDV�XVHG�DV�D�VSDUJH�SRLQW���7KH�WXEH�ZDV�
LPPHUVHG�LQ�WKH�VLPXODQW�WR�D�NQRZQ�GHSWK��DQG�DLU�ZDV�IRUFHG�WKURXJK�WKH�SLSH���$�URWDPHWHU�FRXSOHG�
ZLWK�D�SUHVVXUH�JDXJH�DQG�WKHUPRFRXSOH�ZDV�XVHG�WR�GHWHUPLQH�WKH�DFWXDO�YROXPHWULF�DLU�IORZ�WKURXJK�WKH�
SLSH��)LJXUH��������
�

�
�

)LJXUH��������'LDJUDP�RI�6SDUJLQJ�([SHULPHQWDO�6HWXS�
�

7KH�URWDPHWHU��SUHVVXUH�JDXJH��DQG�WKHUPRFRXSOH�UHDGLQJV�ZHUH�FRQYHUWHG�WR�WKH�DFWXDO�YROXPHWULF�DLU�
IORZ�LQ�WKH�VOXUU\�DW�WKH�VSDUJHU�VXEPHUJHQFH�GHSWK���,VRWKHUPDO�H[SDQVLRQ�DW�WKH�VSDUJH�WXEH�RULILFH�ZDV�
DVVXPHG���7KH�IROORZLQJ�HTXDWLRQ�LV�XVHG�IRU�WKLV�FDOFXODWLRQ��
�
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4VSDUJH� LV�DFWXDO�YROXPHWULF�DLU�IORZ�LQ�WKH�VOXUU\�DW�WKH�VXEPHUJHQFH�GHSWK�RI�VSDUJH�WXEH��IW��PLQ��
4URW� LV�WKH�FDOLEUDWHG�YROXPHWULF�IORZ�UDWH�UHDG�IURP�WKH�URWDPHWHU�DW�VWDQGDUG�FRQGLWLRQV��IW��PLQ��
3VWG� LV�WKH�DEVROXWH�SUHVVXUH�DW�ZKLFK�WKH�URWDPHWHU�LV�FDOLEUDWHG����DWP��
7VWG� LV�WKH�DEVROXWH�WHPSHUDWXUH�DW�ZKLFK�WKH�URWDPHWHU�LV�FDOLEUDWHG������5��
3URW� LV�WKH�DEVROXWH�SUHVVXUH�UHDG�DW�WKH�URWDPHWHU�
7URW� LV�WKH�DEVROXWH�WHPSHUDWXUH�UHDG�DW�WKH�URWDPHWHU�
ρV� LV�WKH�EXON�GHQVLW\�RI�WKH�VLPXODQW�WHVWHG������J�P/��
J� LV�WKH�JUDYLWDWLRQDO�FRQVWDQW�������P�V���
KV� LV�VXEPHUJHG�GHSWK�RI�WKH�VSDUJH�WXEH�
3�� LV�DWPRVSKHULF�SUHVVXUH����DWP��

�
0HDVXUHPHQWV�RQ�WKH�VXUIDFH�RI�WKH�VLPXODQW�ZHUH�PDGH�WR�GHWHUPLQH�WKH�DUHDV�RI�WKH�WDQN�DIIHFWHG�E\�WKH�
XSZDUG�PRWLRQ�RI�WKH�EXEEOHV���7ZR�PDMRU�DUHDV�ZHUH�PHDVXUHG���7KH�ILUVW�DUHD�LV�UHIHUUHG�WR�DV�WKH�UHJLRQ�
RI�EXEEOHV��52%����7KLV�DUHD�LV�WKH�UHJLRQ�VXUURXQGLQJ�WKH�VSDUJH�WXEH�WKDW�FRQWDLQV�WKH�SOXPH�RI�EXEEOHV�
ULVLQJ�IURP�WKH�VSDUJH�SRLQW���6XUURXQGLQJ�WKH�52%�LV�DQ�DUHD�RI�LQGXFHG�UDGLDO�DQG�GRZQZDUG�IORZ���7KLV�
DUHD�LV�UHIHUUHG�WR�DV�WKH�]RQH�RI�LQIOXHQFH��=2,����%RWK�RI�WKHVH�UHJLRQV�DUH�UHSRUWHG�DV�GLDPHWHUV���7KHVH�
FRQFHSWV�DUH�SRUWUD\HG�JUDSKLFDOO\�LQ�)LJXUH�������
�

�

'52%�

KV�

'=2,�

=2,�
YHORFLW\�
SURILOH�

6SDUJH�
7XEH�

%XEEOHV�

�
�

)LJXUH��������'LDJUDP�RI�6SDUJLQJ�([SHULPHQW�&RQFHSWV�
�
7KH�UDGLL�RI�WKH�=2,�DQG�52%�ZHUH�PHDVXUHG�ZLWK�WKH�VSDUJH�WXEH�LQVHUWHG�WR�VHYHUDO�VXEPHUJHQFH�
GHSWKV�DQG�RSHUDWHG�ZLWK�D�UDQJH�RI�DLU�IORZ�UDWHV���7KH�52%�ZDV�PHDVXUHG�WKURXJK�WKH�XVH�RI�D�ODVHU�
UHIHUHQFH�V\VWHP�FRXSOHG�ZLWK�YLGHR�LPDJLQJ�VRIWZDUH���7KLV�WHFKQLTXH�LQYROYHV�SODFLQJ�WZR�ODVHU�SRLQWV�
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D�NQRZQ�GLVWDQFH�DSDUW�RQ�WKH�VXUIDFH�RI�WKH�VLPXODQW���$V�WHVWLQJ�SURFHHGV��WKH�VXUIDFH�RI�WKH�VLPXODQW�LV�
YLGHR�UHFRUGHG���7KH�IUDPHV�IURP�WKH�YLGHR�LPDJHV�DUH�WKHQ�DQDO\]HG�WR�GHWHUPLQH�WKH�QXPEHU�RI�SL[HOV�
EHWZHHQ�YDULRXV�IHDWXUHV�LQ�WKH�IUDPH���%\�NQRZLQJ�WKH�QXPEHU�RI�SL[HOV�DQG�WKH�DFWXDO�GLVWDQFH�EHWZHHQ�
WKH�ODVHU�UHIHUHQFH�SRLQWV��WKH�DFWXDO�GLVWDQFH�EHWZHHQ�WZR�IHDWXUHV�RQ�WKH�IUDPH�ZHUH�GHWHUPLQHG��
�
$IWHU�WKH�VWHDG\�VWDWH�IORZ�GXH�WR�VSDUJLQJ�ZDV�DFKLHYHG��D��WKH�YLGHR�LPDJHV�RI�WKH�VXUIDFH�ZHUH�
FROOHFWHG���7KH�WHFKQLTXH�GHVFULEHG�DERYH�LV�XVHG�WR�PHDVXUH�WKH�GLDPHWHU�RI�WKH�EXEEOH�SOXPH�RQ�WKH�
VXUIDFH�RI�WKH�VLPXODQW���6LQFH�WKH�EXEEOH�SOXPH�LV�G\QDPLF�DQG�DV\PPHWULF��VHYHUDO�LPDJHV�DW�GLIIHUHQW�
WLPHV�DUH�DQDO\]HG�WR�GHWHUPLQH�WKH�52%��7KHVH�YDOXHV�DUH�WKHQ�DYHUDJHG�WR�UHSUHVHQW�D�VLQJOH�GDWXP���
7KH�=2,�ZDV�PHDVXUHG�E\�SODFLQJ�EXR\DQW�IORZ�IROORZHUV�RQ�WKH�VXUIDFH�QHDU�WKH�VSDUJH�WXEH���7KH�IORZ�
IROORZHUV�WKHQ�PRYH�UDGLDOO\�RXWZDUG�GXH�WR�WKH�LQGXFHG�VHFRQGDU\�IORZ���7KH�IORZ�IROORZHUV�VWRS�DW�WKH�
SRLQW�ZKHUH�WKH�UDGLDO�IORZ�VWRSV�DQG�D[LDO�IORZ�GRZQZDUG�GRPLQDWHV���$�PHDVXULQJ�WDSH�ZDV�XVHG�WR�
GHWHUPLQH�WKH�GLVWDQFH�IURP�WKH�FHQWHU�VSDUJH�WXEH�WR�WKH�IORZ�IROORZHUV��
�
���� *DV�5HWHQWLRQ�DQG�5HOHDVH�
�
*5	5�WHVWV�ZHUH�FRPSOHWHG�XVLQJ�����3D�\LHOG�VWUHVV��%LQJKDP�SODVWLF�PRGHO��NDROLQ�EHQWRQLWH�FOD\�
VLPXODQW�LQ�WKH�8)3�DQG�/6�SURWRW\SH�YHVVHOV�LQ�FRQILJXUDWLRQV�VLPLODU�WR�WKH�VHOHFWHG�GHVLJQV���7KH�EDVLV�
IRU�WKH�VLPXODQW�VHOHFWLRQ�LV�SUHVHQWHG�LQ�6HFWLRQ�������7KH�YHVVHO�FRQILJXUDWLRQV�DQG�QRPLQDO�RSHUDWLQJ�
FRQGLWLRQV�DQG�WKH�JDV�UHWHQWLRQ�DQG�UHOHDVH�H[SHULPHQWDO�PHWKRGV�DUH�VXPPDUL]HG�KHUH����
�
2I�WKH�*5	5�WHVW�VHTXHQFHV�UXQ�LQ�WKH�SURWRW\SH�YHVVHOV��RQH�VHTXHQFH�LQ�/6��6HTXHQFH�����DQG�WZR�LQ�
8)3��6HTXHQFHV���DQG����ZHUH�FORVHO\�PDWFKHG�WR�WKH�ILQDO�GHVLJQV���7KH�FRQILJXUDWLRQV�DQG�QRPLQDO�RU�
WDUJHW�RSHUDWLQJ�FRQGLWLRQV�XVHG�LQ�WKH�JDV�UHWHQWLRQ�DQG�UHOHDVH�WHVWV�DUH�DV�IROORZV����
�

�� /6�6HTXHQFH���±������+�'�LQLWLDO�ILOO����3-0�FOXVWHU�ZLWK�����������YHUWLFDO�QR]]OHV�DW�a���P�V��
IRXU�QR]]OH�UHFLUFXODWLRQ�DW�a����JSP��JDV�KROGXS�WHVWV�RQO\��DQG�IRXU��RU�HLJKW��DLU�VSDUJH�WXEHV�
IORZLQJ�DW�a��DFIP�HDFK��JDV�UHOHDVH�WHVWV�RQO\����

�� 8)3�6HTXHQFH���±�����+�'�LQLWLDO�ILOO��IRXU�3-0�WUL�IRLO�FRQILJXUDWLRQ�ZLWK�WKUHH�����SOXV�RQH�
YHUWLFDO�QR]]OHV�DW�a���P�V��VLQJOH�QR]]OH�UHFLUFXODWLRQ��JDV�KROGXS�WHVW�RQO\��DQG�RQH�FHQWHU��
�DQG�WKUHH�SHULSKHUDO��VSDUJH�WXEH�IORZLQJ�DW�a��DFIP��JDV�UHOHDVH�WHVWV���

�� 8)3�6HTXHQFH���±�����+�'�LQLWLDO�ILOO��IRXU�3-0�WUL�IRLO�FRQILJXUDWLRQ�ZLWK�WKUHH�����SOXV�RQH�
YHUWLFDO�QR]]OHV�DW�a���P�V��RQH�FHQWHU��DQG�WKUHH�SHULSKHUDO��VSDUJH�WXEH�IORZLQJ�DW�a��DFIP��
�JDV�KROGXS�DQG�JDV�UHOHDVH�WHVWV���

�
([WUD�VSDUJH�WXEHV��LQGLFDWHG�LQ�SDUHQWKHVHV�DERYH��ZHUH�XVHG�LQ�VRPH�WHVWV�WR�UHOHDVH�DGGLWLRQDO�JDV�DIWHU�
WKH�VSHFLILHG�UHOHDVH�WHVWV�ZLWK�IHZHU�VSDUJH�WXEHV�ZHUH�FRPSOHWHG���8QOHVV�RWKHUZLVH�VSHFLILHG��WKH�
UHVXOWV�GHVFULEHG�LQ�6HFWLRQ���ZHUH�REWDLQHG�ZLWK�WKH�QRPLQDO�RSHUDWLQJ�FRQGLWLRQV�LQFOXGLQJ�IHZHU�VSDUJH�
WXEHV��
�
7KH�GHFRPSRVLWLRQ�RI�QRPLQDO����ZW��K\GURJHQ�SHUR[LGH��+�2���VROXWLRQ�ZDV�XVHG�WR�JHQHUDWH�JDV�LQ�
VLWX�LQ�WKH�NDROLQ�EHQWRQLWH�FOD\�VLPXODQW���7KH�+�2��VROXWLRQ�ZDV�LQMHFWHG�ZLWK�D�SHULVWDOWLF�SXPS�WKURXJK�
D�VLQJOH�WXEH�LQWR�WKH�ZHOO�PL[HG�FDYHUQ�DUHD�DGMDFHQW�WR�SXOVH�WXEH�QR]]OHV�ZKLOH�WKH�3-0V�ZHUH�RSHU�
������������������������������������������������������
�D�� �6WHDG\� VWDWH�ZDV�GHWHUPLQHG�YLVXDOO\�E\�REVHUYLQJ� WKDW� WKH�=2,� IORZ� IROORZHUV�KDG� VWRSSHG�PRYLQJ� UDGLDOO\�
IURP�WKH�VSDUJH�WXEH��
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DWLQJ�XQGHU�SURWRW\SLF�FRQGLWLRQV���7KH�DPRXQW�RI�+�2��LQWURGXFHG�ZDV�TXDQWLILHG�E\�ZHLJKW���,Q�WKH�
LQLWLDO�SUHSDUDWLRQ�IRU�JDV�UHOHDVH�WHVWV��D�VSHFLILHG�DPRXQW�RI�+�2��ZDV�LQWURGXFHG�RYHU�D�VKRUW�SHULRG�RI�
WLPH��H�J������WR����PLQ���DIWHU�VRPH�SHULRG�RI�DGGLWLRQDO�PL[LQJ��H�J������WR����PLQ���WKH�V\VWHP�ZDV�VKXW�
GRZQ�WR�DOORZ�WKH�+�2��WR�GHFRPSRVH�DQG�JDV�EXEEOHV�WR�EH�UHWDLQHG�LQ�WKH�TXLHVFHQW�VLPXODQW���7KH�
DFFXPXODWHG�JDV�ZDV�W\SLFDOO\�UHOHDVHG�E\�RSHUDWLQJ�WKH�3-0V�DQG�VSDUJHUV�WKH�IROORZLQJ�GD\����
�
,Q�JDV�KROGXS�WHVWV��+�2��VROXWLRQ�ZDV�DGGHG�WR�VLPXODQW�DW�D�IL[HG�UDWH�RYHU�DQ�H[WHQGHG�SHULRG�RI�WLPH�
�H�J�����WR���KRXUV��WR�FRQWLQXRXVO\�JHQHUDWH�2��JDV�ZKLOH�WKH�VLPXODQW�ZDV�PL[HG�LQ�WKH�3-0�YHVVHO�XVLQJ�
VSHFLILHG�³QRUPDO´�RSHUDWLQJ�FRQGLWLRQV���,QMHFWLRQ�FRQWLQXHG�XQWLO�D�QHZ�VWHDG\�VWDWH�OHYHO�ZDV�DFKLHYHG�
LQ�WKH�WHVW�YHVVHO���7KH�UDWH�RI�+�2��LQMHFWLRQ�ZDV�GHWHUPLQHG�E\�UHFRUGLQJ�WKH�ZHLJKW�RI�D�VROXWLRQ�IHHG�
FRQWDLQHU�DV�D�IXQFWLRQ�RI�WLPH����$�0LFUR0RWLRQ�IORZ�PHWHU�DQG�D�GDWD�DFTXLVLWLRQ�V\VWHP�ZHUH�DOVR�XVHG�
WR�PHDVXUH�DQG�UHFRUG�WKH�VROXWLRQ�IORZ�UDWH����7KH�PL[LQJ�V\VWHP�ZDV�VKXW�GRZQ�VKRUWO\�DIWHU�WKH�FRP�
SOHWLRQ�RI�JDV�KROGXS�WHVWV��UHVXOWLQJ�LQ�VLPXODQW�YROXPH�JURZWK�DV�UHVLGXDO�+�2��GHFRPSRVHG����)XUWKHU�
DQDO\VLV�RI�WKH�JURZWK�SURILOH�IROORZLQJ�VKXWGRZQ�ZLOO�SURYLGH�DGGLWLRQDO�LQIRUPDWLRQ�RQ�WKH�DSSDUHQW�JDV�
JHQHUDWLRQ�UDWH����$IWHU�D�VKRUW�SHULRG�RI�JDV�UHWHQWLRQ�����PLQ�RU�OHVV���D�JDV�UHOHDVH�WHVW�ZDV�W\SLFDOO\�
FRQGXFWHG����
�
,Q�*5	5�H[SHULPHQWV��UHWDLQHG�JDV�YROXPH�IUDFWLRQV�LQ�WKH�SURWRW\SH�YHVVHOV�ZHUH�DVVHVVHG�E\�FKDQJHV�
LQ�VXUIDFH�OHYHO��ZKLFK�ZHUH�LQGHSHQGHQWO\�FRUUHODWHG�WR�WDQN�YROXPH���6HYHUDO�PHWKRGV��LQFOXGLQJ�LQVWUX�
PHQWDO�WHFKQLTXHV�DQG�YLVXDO�FDPHUD�REVHUYDWLRQV��ZHUH�XVHG�WR�WUDFN�FKDQJHV�LQ�VXUIDFH�OHYHO�RYHU�WLPH���
8OWUDVRQLF�OHYHO�VHQVRUV��*HPV�&RUSRUDWLRQ�PRGHO�8&/������ZHUH�GHSOR\HG�LQ�HDFK�RI�WKH�SURWRW\SH�
YHVVHOV��WZR�LQ�/6�DQG�RQH�LQ�8)3���DQG�VLJQDOV�ZHUH�RXWSXW�WR�D�GDWD�DFTXLVLWLRQ�V\VWHP�ZKHUH�WKH\�ZHUH�
UHFRUGHG�DW����+]���7KHVH�VHQVRUV�VDPSOH�DQ�DUHD�RI�WKH�VXUIDFH��ZKLFK�LQFUHDVHV�ZLWK�WKH�VHQVRU�WR�
VXUIDFH�VHSDUDWLRQ�GLVWDQFH��WKH�VHQVRUV�ZHUH�W\SLFDOO\�SODFHG�����WR���P�IURP�WKH�VXUIDFH���,Q�ERWK�SURWR�
W\SHV��WKH�VHQVRUV�ZHUH�ORFDWHG�LQ�WKH�DQQXODU�UHJLRQ�EHWZHHQ�WKH�3-0V�DQG�WKH�WDQN�ZDOO���*DV�YROXPH�
IUDFWLRQV�SUHVHQWHG�KHUH�ZHUH�GHWHUPLQHG�IURP�WKH�XOWUDVRQLF�OHYHO�VHQVRU�GDWD���,Q�WKH�FDVH�RI�/6��WKH�
UHVXOWV�DUH�WKH�DYHUDJH�IRU�WZR�VHQVRUV�ORFDWHG�RYHU�QHDUO\�RSSRVLWH�VLGHV�RI�WKH�WDQN���7\SLFDOO\��D�VLQJOH�
YROXPH�ZDV�GHWHUPLQHG�IRU�HDFK�SXOVH�F\FOH�XVLQJ�WKH�PLQLPXP�OHYHO�REWDLQHG�ZKHQ�3-0V�ZHUH�GUDZQ�
IXOO��VXFWLRQ�SKDVH���
�
$�GHWDLOHG�DQDO\VLV�RI�WKH�XQFHUWDLQW\�LQ�UHSRUWHG�JDV�YROXPH�IUDFWLRQV�DQG�HVWLPDWHG�JDV�JHQHUDWLRQ�UDWHV�
KDV�\HW�WR�EH�FRPSOHWHG���7KH�DFFXUDF\�RI�UHSRUWHG�JDV�YROXPH�IUDFWLRQV�LV�D�IXQFWLRQ�RI�WKH�DFFXUDF\�RI�
VXUIDFH�OHYHO�YROXPH�FRUUHODWLRQV�DQG�WKH�DFFXUDF\�RI�OHYHO�PHDVXUHPHQW�WHFKQLTXHV���,Q�WXUQ��OHYHO�
PHDVXUHPHQWV�DUH�OLPLWHG�E\�LQVWUXPHQW�UHVROXWLRQ�DQG�FDOLEUDWLRQ�DFFXUDF\�DQG�DUH�VXEMHFW�WR�YDULDELOLW\�
GXH�WR�VXUIDFH�PRYHPHQW�DQG�LUUHJXODULW\�GXULQJ�PL[LQJ�RSHUDWLRQV���'DWD�IOXFWXDWLRQV�DERXW�FHQWUDO�
YDOXHV��H�J���VWDQGDUG�GHYLDWLRQ�LQ�JDV�KROGXS�WHVWV��JLYH�DQ�LQGLFDWLRQ�RI�WKH�YDULDELOLW\���7KHVH�GDWD�ZLOO�
EH�UHSRUWHG�LQ�WKH�ILQDO�'%(�VWUDWHJ\��
�
���� 7UDFHU�7HFKQLTXHV�
�
0L[LQJ�SHUIRUPDQFH�LQ�WKH�3-0�WHVW�YHVVHOV�ZDV�DVVHVVHG�WKURXJK�WKH�XVH�RI�WUDFHU�FKHPLFDOV��$�WUDFHU�
ZDV�LQMHFWHG�GXULQJ�WKH�LQLWLDO�VWDJHV�RI�WKH�3-0�WHVW���6DPSOHV�RI�WKH�VLPXODQW�ZHUH�WDNHQ�IURP�VHYHUDO�
ORFDWLRQV�GXULQJ�HDFK�PL[LQJ�WHVW�WR�GHWHUPLQH�WKH�FKDQJHV�LQ�G\H�FRQFHQWUDWLRQ�DV�D�IXQFWLRQ�RI�WLPH�DQG�
RSHUDWLQJ�SDUDPHWHUV���$W�WKH�HQG�RI�D�WHVW�F\FOH��WKH�WHVW�YHVVHO�ZDV�KRPRJHQL]HG�DQG�D�ILQDO�VDPSOH�
FROOHFWHG���$�VXPPDU\�RI�WKH�WHFKQLTXH�XVHG�LV�VKRZQ�LQ�)LJXUH���������
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�� :HOO�PL[HG�WDQN�
�� PHGLXP�WUDFHU�

�� 7DQN�KRPRJHQL]HG�
�� )LQDO�VDPSOH�WDNHQ�
�

�� %DVHOLQH�VLPXODQW�
�� ORZ�WUDFHU�

�� ,QLWLDO�VDPSOH�WDNHQ�
�

�� 6\VWHP�VWDUWHG�
�� 7UDFHU�LQMHFWHG��
�� :HOO�PL[HG�FDYHUQ�

�� KLJK�WUDFHU�
�� 6DPSOH�WKURXJKRXW�

WDQN�
� �

)LJXUH��������6XPPDU\�RI�7UDFHU�'\H�7HFKQLTXH�6WHSV�
�

7KH�FKHPLFDOV�XVHG�ZHUH�IRRG�G\H�FRORU�1R������%ULOOLDQW�%OXH�)&)��DQG�VRGLXP�FKORULGH��1D&O����
,QLWLDOO\��D�VDPSOH�RI�VLPXODQW�ZDV�GUDZQ�IURP�WKH�WHVW�YHVVHO�WR�EDVHOLQH�WKH�WUDFHU�OHYHOV���1H[W��D�VWRFN�
VROXWLRQ�RI�WKHVH�PDWHULDOV�ZDV�SUHSDUHG�E\�GLVVROXWLRQ�LQ�ZDWHU���7KLV�VWRFN�VROXWLRQ�ZDV�WKHQ�EOHQGHG�
ZLWK�D�VDPSOH�RI�WKH�WHVW�VLPXODQW�WR�DFKLHYH�UKHRORJLFDO�SURSHUWLHV�FORVH�WR�WKH�DFWXDO�WHVW�VLPXODQW���7KLV�
VROXWLRQ�ZDV�LQWURGXFHG�LQWR�WKH�FHQWHU�3-0�WXEH�GXULQJ�RSHUDWLRQ�E\�RSHQLQJ�D�YDOYH�RQ�D�VDPSOH�
LQMHFWLRQ�OLQH�GXULQJ�WKH�3-0�VXFWLRQ�SKDVH���'XULQJ�WKH�GULYH�SKDVH��WKH�YDOYH�ZDV�FORVHG�DQG�WKH�LQMHFWHG�
G\H�ZDV�GULYHQ�IURP�WKH�3-0�WXEH���8VH�RI�WKLV�SURFHGXUH�DOORZHG�IRU�WKH�JUDGXDO�LQWURGXFWLRQ�RI�WKH�
WUDFHU�G\H�LQWR�WKH�V\VWHP�RYHU�VHYHUDO�GULYH�VXFWLRQ�F\FOHV�DQG�PLQLPL]HG�WKH�SRWHQWLDO�IRU�D�ODUJH�
DPRXQW�RI�FRQFHQWUDWHG�WUDFHU�WR�HQWHU�D�VWDJQDQW�UHJLRQ�RI�WKH�WDQN���7KLV�ZDV�REVHUYHG�ZKHQ�WKH�FRQ�
FHQWUDWHG�WUDFHU�KDG�VLJQLILFDQWO\�GLIIHUHQW�SK\VLFDO�SURSHUWLHV�IURP�WKH�EXON�VLPXODQW���6XFK�SK\VLFDO�
SURSHUWLHV�LQFOXGH�GHQVLW\��HQWUDLQHG�DLU�GXH�WR�VXUIDFH�WHQVLRQ��DQG�UKHRORJLFDO�SDUDPHWHUV��
�
$IWHU�WKH�G\H�ZDV�LQMHFWHG��WKH�H[SHULPHQWDO�FORFN�VWDUWHG�DQG�VDPSOHV�ZHUH�GUDZQ�IURP�ILYH�ORFDWLRQV�LQ�
HDFK�WHVW�YHVVHO���/RFDWLRQV�������DQG���ZHUH�VDPSOHV�WDNHQ�GLUHFWO\�IURP�WKUHH�VHSDUDWH�SXOVH�WXEHV���7KHVH�
VDPSOHV�UHSUHVHQW�WKH�FRQWHQWV�RI�WKH�ZHOO�PL[HG�FDYHUQ���6DPSOH�ORFDWLRQV���DQG���ZHUH�SODFHG�EHWZHHQ�
WKH�SXOVH�WXEHV�DQG�WKH�WDQN�ZDOO���/RFDWLRQ���ZDV�DW�D�ORZ�HOHYDWLRQ�DQG�ORFDWLRQ���ZDV�DW�D�KLJK�HOHYD�
WLRQ���6FKHPDWLF�GLDJUDPV�RI�WKH�WUDFHU�VDPSOLQJ�ORFDWLRQV�DUH�VKRZQ�LQ�)LJXUHV������DQG������IRU�WKH�/6�
YHVVHO�DQG�8)3�YHVVHO��UHVSHFWLYHO\���
�
0XOWLSOH�UXQ�FRQGLWLRQV�ZHUH�W\SLFDOO\�DFKLHYHG�IRU�HDFK�WUDFHU�LQMHFWLRQ���7KH�WUDFHU�WHVW�VWDUWHG�ZLWK�WKH�
ORZHVW�PL[LQJ�HQHUJ\�FRQGLWLRQ�WR�IRUP�WKH�LQLWLDO�ZHOO�PL[HG�FDYHUQ���$GGLWLRQDO�V\VWHPV��H�J���UHFLUFX�
ODWLRQ�SXPSV�RU�VSDUJLQJ�WXEHV��RU�LQFUHDVHG�SXOVH�WXEH�YHORFLWLHV�ZHUH�WKHQ�XVHG�DV�VXEVHTXHQW�UXQ�
FRQGLWLRQV�WR�IRUP�ODUJHU�PL[LQJ�FDYHUQV���
�
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� 6SDUJH�
7XEHV�

3XOVH�
7XEHV�
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��

/RZ�

+LJK�

�
�

)LJXUH��������6FKHPDWLF�RI�/6�9HVVHO�7UDFHU�6DPSOLQJ�/RFDWLRQV�
�

�
�

)LJXUH��������6FKHPDWLF�RI�8OWUDILOWUDWLRQ�3URFHVV�9HVVHO�7UDFHU�6DPSOLQJ�/RFDWLRQV�
�
'XULQJ�WKH�LQLWLDO�UXQ�FRQGLWLRQ��VDPSOHV�ZHUH�GUDZQ�IURP�VDPSOH�ORFDWLRQV�������DQG���WDNHQ�DSSUR[L�
PDWHO\�HYHU\����PLQXWHV�DIWHU�FRPSOHWLRQ�RI�G\H�LQMHFWLRQ���$IWHU����PLQXWHV�RI�RSHUDWLRQ��VDPSOHV�ZHUH�
GUDZQ�IURP�DOO�VDPSOH�ORFDWLRQV�DQG�WKH�QH[W�UXQ�H[SHULPHQWDO�FRQGLWLRQ�HPSOR\HG���'XULQJ�VXEVHTXHQW�
UXQ�FRQGLWLRQV��VDPSOHV�IURP�ORFDWLRQV�������DQG���ZHUH�WDNHQ�HYHU\����PLQXWHV���$IWHU�������PLQXWHV�RI�
RSHUDWLRQ��VDPSOHV�ZHUH�GUDZQ�IURP�DOO�VDPSOH�ORFDWLRQV��DQG�WKH�QH[W�UXQ�H[SHULPHQWDO�FRQGLWLRQ�ZDV�
HPSOR\HG���
�

�� 6S�DUJH�
7XEHV���

3XOVH�
7XEHV���
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������
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7KLV�SURFHGXUH�ZDV�XVHG�WR�TXDQWLI\�WKH�WUDQVLHQW�EHKDYLRU�RI�WKH�PL[HG�UHJLRQV�ZLWKLQ�WKH�WDQN���7KH�ILUVW�
UXQ�FRQGLWLRQ�ZDV�H[DPLQHG�LQ�PRUH�GHWDLO�EHFDXVH�WKH�DQWLFLSDWHG�DPRXQW�RI�HQHUJ\�UHTXLUHG�WR�UHDFK�
VWHDG\�VWDWH�IRU�WKH�ILUVW�UXQ�LV�JUHDWHU�WKDQ�VXEVHTXHQW�UXQV�ZKHUH�D�VLJQLILFDQW�PL[HG�UHJLRQ�DOUHDG\�
H[LVWV���
�
6DPSOHV�ZHUH�GUDZQ�XVLQJ�D�YDFXXP�V\VWHP���,Q�WKLV�V\VWHP��D�YDFXXP�ZDV�SODFHG�RQ�WKH�VDPSOH�OLQHV�LQ�
WKH�WDQN���7KH�VLPXODQW�ZDV�GUDZQ�WKURXJK�WKH�OLQHV�DQG�FROOHFWHG�LQ�VWRSSHUHG�EHDNHUV�XVLQJ�D�WUDS���
:KHQ�VDPSOLQJ��WKH�OLQHV�ZHUH�LQLWLDOO\�SXUJHG�RI�VLPXODQW�LQWR�D�VHSDUDWH�EHDNHU���7KLV�VWHS�ORDGHG�WKH�
VDPSOH�OLQH�ZLWK�VLPXODQW�IURP�WKH�VDPSOH�ORFDWLRQ�DW�WKH�DSSURSULDWH�VDPSOH�WLPH���$�FOHDQ�EHDNHU�ZDV�
WKHQ�DWWDFKHG�DQG�WKH�QHZO\�ORDGHG�VLPXODQW�ZDV�FROOHFWHG���7KH�VLPXODQW�ZDV�WKHQ�WUDQVIHUUHG�LQWR�
VDPSOH�FRQWDLQHUV�IRU�WUDFHU�DQDO\VLV���$�VDPSOH�H[WUDFWLRQ�W\SLFDOO\�WRRN���WR���PLQXWHV�WR�FRPSOHWH���
�
7UDFHU�DQDO\VLV�FRQVLVWV�RI�WZR�PHDVXUHPHQWV��RQH�IRU�WKH�G\H�DQG�RQH�IRU�WKH�1D&O���7KH�FRQFHQWUDWLRQ�RI�
G\H�ZDV�PHDVXUHG�XVLQJ�D�89�9,6�VSHFWURPHWHU���7KLV�LQVWUXPHQW�UHTXLUHV�D�WUDQVSDUHQW�VDPSOH���7R�
RYHUFRPH�WKLV�OLPLWDWLRQ��WKH�RSDTXH�NDROLQ�EHQWRQLWH�VLPXODQW�ZDV�FHQWULIXJHG��DQG�WKH�DQDO\VLV�ZDV�
SHUIRUPHG�RQ�WKH�FHQWULIXJHG�OLTXLG�SRUWLRQ�RI�WKH�VDPSOH���7KH�VSHFWURPHWHU�PHDVXUHV�WKH�RSWLFDO�
DEVRUEDQFH�RI�WKH�VDPSOH�DW�PXOWLSOH�ZDYHOHQJWKV�RI�OLJKW���:KHQ�WKH�G\H�LV�SUHVHQW�LQ�WKH�V\VWHP�D�SHDN�
DEVRUEDQFH�LV�REVHUYHG�DW�DSSUR[LPDWHO\�����QP���$FFRUGLQJ�WR�%HHU¶V�ODZ��WKH�PDJQLWXGH�RI�WKLV�
DEVRUEDQFH�SHDN�LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�FRQFHQWUDWLRQ�RI�G\H�LQ�WKH�V\VWHP���
�
)RU�WKH�1D&O�WUDFHU��D�FKORULGH�LRQ�VHOHFWLYH�HOHFWURGH�ZDV�XVHG�WR�PHDVXUH�WKH�FRQFHQWUDWLRQ�RI�FKORULGH�
SUHVHQW�LQ�WKH�VDPSOHV���7KLV�LQVWUXPHQW�PHDVXUHV�WKH�SRWHQWLDO�GLIIHUHQFH�DFURVV�DQ�HOHFWURGH�WKDW�LV�
VXUURXQGHG�E\�D�PHPEUDQH�WKDW�DOORZV�FKORULGH�LRQV�WR�SDVV�IURP�WKH�VDPSOH�PDWHULDO�LQWR�WKH�HOHFWURGH�
FHOO���8QOLNH�WKH�VSHFWURPHWHU�PHWKRG��WKLV�PHDVXUHPHQW�ZDV�SHUIRUPHG�GLUHFWO\�RQ�WKH�VLPXODQW�ZLWK�QR�
UHTXLUHG�SUHSDUDWLRQ�VWHSV����
�
7KH�HTXDWLRQ�XVHG�WR�FDOFXODWH�WKH�IUDFWLRQ�PL[HG�LV�VKRZQ�EHORZ��
�
� � � �

�

�
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&&;
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I
M −

−
= � ������

ZKHUH�
�

;M� LV�WKH�IUDFWLRQ�PL[HG�RI�WKH�M�WK�WDQN�VDPSOH�
&I� LV�WKH�WUDFHU�FRQFHQWUDWLRQ�RI�WKH�ILQDO�KRPRJHQL]HG�VLPXODQW�
&�� LV�WKH�WUDFHU�FRQFHQWUDWLRQ�RI�WKH�LQLWLDO�EDVHOLQH�VLPXODQW��
&M� LV�WKH�WUDFHU�FRQFHQWUDWLRQ�RI�WKH�M�WK�WDQN�VDPSOH�

�
:KHQ�WKH�DTXHRXV�SKDVH�WUDFHU�GRHV�QRW�DEVRUE�RQWR�WKH�VROLG�SKDVH��WKH�OLTXLG�SKDVH�FRQFHQWUDWLRQ�FDQ�EH�
PHDVXUHG�ZLWK�WKH�WHFKQLTXHV�DERYH��DQG�(TXDWLRQ�����FDQ�EH�XVHG�WR�GLUHFWO\�FDOFXODWH�WKH�IUDFWLRQ�RI�WKH�
WDQN�PL[HG���7KH�FKORULGH�LRQ�GLG�QRW�DSSHDU�WR�DEVRUE�RQWR�WKH�VLPXODQW�SDUWLFOHV��DQG�WKLV�HTXDWLRQ�LV�
XVHG�IRU�WKH�1D&O�WUDFHU���%HFDXVH�WKH�VSHFWURPHWHU�PHDVXUHV�DEVRUEDQFH��ZKLFK�LV�SURSRUWLRQDO�WR�
FRQFHQWUDWLRQ��(TXDWLRQ�����FDQ�EH�UHZULWWHQ�IRU�WKH�G\H�WUDFHU�DV�IROORZV��
�
� � � �

�
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�
ZKHUH�
�

;M� LV�WKH�IUDFWLRQ�PL[HG�RI�WKH�M�WK�WDQN�VDPSOH�
$I� LV�WKH�RSWLFDO�DEVRUEDQFH�RI�WKH�ILQDO�KRPRJHQL]HG�VLPXODQW�
$�� LV�WKH�RSWLFDO�DEVRUEDQFH�RI�WKH�LQLWLDO�EDVHOLQH�VLPXODQW��
$M� LV�WKH�RSWLFDO�DEVRUEDQFH�RI�WKH�M�WK�WDQN�VDPSOH�

�
8QIRUWXQDWHO\��WKH�G\H�WUDFHU�DEVRUEV�RQWR�WKH�FOD\�SDUWLFOHV�LQ�VLJQLILFDQW�TXDQWLW\���,Q�WKLV�VLWXDWLRQ�
(TXDWLRQ�����VWLOO�DSSOLHV��EXW�WKH�FRQFHQWUDWLRQV�XVHG�LQ�WKH�HTXDWLRQ�PXVW�DFFRXQW�IRU�ERWK�WKH�OLTXLG�DQG�
VROLG�SKDVHV���7KLV�LV�DFFRPSOLVKHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ��
�
� � � � 6VOO &<&<& += � ������
ZKHUH�
�

&� LV�WKH�WUDFHU�FRQFHQWUDWLRQ�
&O� LV�WKH�WUDFHU�FRQFHQWUDWLRQ�RI�WKH�OLTXLG�SKDVH�
&V� LV�WKH�WUDFHU�FRQFHQWUDWLRQ�RI�WKH�VROLG�SKDVH��
<O� LV�WKH�OLTXLG�SKDVH�PDVV�IUDFWLRQ�
<V� LV�WKH�VROLG�SKDVH�PDVV�IUDFWLRQ�

�
7KH�GLVWULEXWLRQ�RI�WUDFHU�EHWZHHQ�WKH�OLTXLG�DQG�VROLG�SKDVHV�LV�W\SLFDOO\�GHVFULEHG�XVLQJ�D�GLVWULEXWLRQ�
FRHIILFLHQW��
�
� � � � OGV &.& = � ������
�
ZKHUH�.G�LV�WKH�GLVWULEXWLRQ�FRHIILFLHQW��
�
7R�FRPSOLFDWH�PDWWHUV�IXUWKHU��WKH�GLVWULEXWLRQ�FRHIILFLHQW�LV�DOVR�D�IXQFWLRQ�RI�OLTXLG�SKDVH�G\H�FRQFHQ�
WUDWLRQ���:KHQ�(TXDWLRQV�����DQG�����DUH�VXEVWLWXWHG�LQ�(TXDWLRQ������WKH�IROORZLQJ�HTXDWLRQ�UHVXOWV��
�
� � � � ( ) ( )

( ) ( )RGRMGMVRMO

RGRIGIVRIO
M $.$.<$$<

$.$.<$$<;
−+−
−+−

= � ������

�
ZKHUH�
�

.GI� LV�WKH�GLVWULEXWLRQ�FRHIILFLHQW�DW�WKH�KRPRJHQL]HG�WDQN�WUDFHU�FRQFHQWUDWLRQ�

.GR� LV�WKH�GLVWULEXWLRQ�FRHIILFLHQW�DW�WKH�LQLWLDO�EDVHOLQH�WUDFHU�FRQFHQWUDWLRQ�

.GM� LV�WKH�GLVWULEXWLRQ�FRHIILFLHQW�DW�WKH�M�WK�WDQN�VDPSOH�WUDFHU�FRQFHQWUDWLRQ�
�
:KHQ�.G�LV�QXOO�RU�FRQVWDQW��(TXDWLRQ�����UHGXFHV�WR�(TXDWLRQ�������2YHU�WKH�VPDOO�G\H�FRQFHQWUDWLRQ�
UDQJHV�REVHUYHG�LQ�WKH�SURWRW\SH�WHVWLQJ��WKH�DVVXPSWLRQ�RI�D�FRQVWDQW�GLVWULEXWLRQ�FRHIILFLHQW�LV�YDOLG��DQG�
(TXDWLRQ�����FDQ�EH�XVHG���1RWH�WKDW�DV�$M�DSSURDFKHV�$I��.GM�DSSURDFKHV�.GI��DQG�WKH�HUURU�DVVRFLDWHG�LQ�
XVLQJ�(TXDWLRQ�����DSSURDFKHV�]HUR���,Q�DGGLWLRQ��WKH�GLVWULEXWLRQ�FRHIILFLHQW�IXQFWLRQ�YDULHV�IURP�EDWFK�WR�
EDWFK�RI�VLPXODQW��DQG�RWKHU�IDFWRUV�VXFK�DV�WHPSHUDWXUH�DQG�FRQWDFW�WLPH�ZLOO�DOVR�DIIHFW�WKH�GLVWULEXWLRQ�
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FRHIILFLHQW�IXQFWLRQ���/DVWO\��WKH�VROLGV�ORDGLQJ�RI�WKH�VLPXODQW�ZDV�RIWHQ�YDULHG�IRU�UKHRORJLFDO�SXUSRVHV���
)RU�WKHVH�UHDVRQV��(TXDWLRQ�����LV�XVHG�WR�HVWLPDWH�WKH�IUDFWLRQ�PL[HG�XVLQJ�WKH�G\H�WUDFHU���7KH�HUURU�
DVVRFLDWHG�ZLWK�WKLV�DVVXPSWLRQ�LV�SUHGLFWHG�XVLQJ�HVWLPDWHG�YDOXHV�IRU�WKH�OLTXLG�DQG�VROLG�PDVV�IUDFWLRQV�
DQG�WKH�GLVWULEXWLRQ�FRHIILFLHQW���$SSHQGL[�%�FRQWDLQV�IXUWKHU�GHWDLOV�RQ�WKHVH�SDUDPHWHUV��
�
�
�
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���� 6XSSRUWLQJ�'DWD�IRU�0L[LQJ�6\VWHP�9HVVHO�
&RQILJXUDWLRQV�

�
���� 5KHRORJ\��
�
������ %RXQGLQJ�&RQGLWLRQV�
�
)RU�DOO�VHYHQ�:73�YHVVHOV�WKDW�ZLOO�FRQWDLQ�QRQ�1HZWRQLDQ�IOXLGV��LW�ZDV�DVVXPHG�WKDW�WKH�+/:�SUH�
WUHDWHG�VOXGJH�ERXQGLQJ�SK\VLFDO�DQG�UKHRORJLFDO�SURSHUWLHV�ZRXOG�KROG��&&1V�����������������DQG�
���������
�
1RUPDO�3ODQW�2SHUDWLRQ�5KHRORJLFDO�%RXQG���'DWD�IURP�DFWXDO�UDGLRDFWLYH�DQG�VLPXODQW�ZDVWH�UKHR�
JUDPV�FRPELQHG�ZLWK�JHQHUDO�HQJLQHHULQJ�GHVLJQ�WHFKQLTXHV�ZHUH�XVHG�WR�GHILQH�D�VHW�RI�ERXQGLQJ�
SK\VLFDO�DQG�UKHRORJLFDO�SURSHUWLHV�WKDW�DJUHH�ZHOO�ZLWK�DFWXDO�GDWD��32/26.,���������7KH�QRQ�
1HZWRQLDQ�+/:�SUHWUHDWHG�VOXGJH�UKHRORJLFDO�SURSHUWLHV�ZHUH�ILW�XVLQJ�D�OLQHDU�%LQJKDP�SODVWLF�PRGHO���
7KH�ERXQGLQJ�FRQGLWLRQV�ZHUH�XVHG�WR�GHYHORS�WKH�ZDVWH�VLPXODQWV�XVHG�LQ�WKH�3-0�SURJUDP���)LJXUH�����
LV�D�SORW�RI�DFWXDO�SUHWUHDWHG�ZDVWH�UKHRJUDPV�DQG�WKH�XSSHU�ERXQGLQJ�UKHRORJLFDO�SURSHUWLHV�FXUYH���7KH�
OLQHDU�%LQJKDP�SODVWLF�PRGHO�ILW�SDUDPHWHUV�DUH�\LHOG�VWUHVV��\�D[LV�LQWHUFHSW��RI����3D�DQG�FRQVLVWHQF\�
�VORSH��RI����F3���7DEOH�����FRQWDLQV�D�VXPPDU\�RI�H[SHFWHG�SK\VLFDO�DQG�UKHRORJLFDO�SURSHUWLHV��
�

�
)LJXUH�������5KHRJUDP�RI�$FWXDO�+/:�3UHWUHDWHG�6OXGJH�6DPSOHV�ZLWK�8SSHU�%RXQG�5KHRORJLFDO�&XUYH�
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7DEOH�������3K\VLFDO�DQG�5KHRORJLFDO�3URSHUWLHV�WKDW�+HOS�'HILQH�6LPXODQWV��
IRU�5DWLQJ�RU�4XDOLI\LQJ�)OXLGLF�0L[LQJ�6\VWHPV��

3URSHUW\� +/:�3UHWUHDWHG�6OXGJH�
S+� ≈����D�±���
3DUWLFOH�VL]H�GLVWULEXWLRQ��'����E�� ���P�
3DUWLFOH�VL]H�GLVWULEXWLRQ��'����F�� ����P�
%XON�GHQVLW\� ���±����
6XSHUQDWDQW�OLTXLG�GHQVLW\� ≈����
9RO��VHWWOHG�VROLGV� ���±����
:W��WRWDO�GULHG�VROLGV� ��±����
:W��WRWDO�R[LGH� ��±����G��
6KHDU�VWUHVV�YHUVXV�VKHDU�UDWH��DPELHQW�DQG����&�� %LQJKDP�3ODVWLF�
�D���([SHFWHG�S+�DIWHU�ZDVKLQJ�OHDFKLQJ�LQ������0�1D2+��
�E�������RI�SDUWLFOHV�DUH�VPDOOHU�WKDQ�WKH�LQGLFDWHG�YDOXH����
�F�������RI�SDUWLFOHV�DUH�VPDOOHU�WKDQ�WKH�LQGLFDWHG�YDOXH��
�G���%DVHG�RQ�VLPXODQW�GDWD��

�
%HFDXVH�WKH�UKHRORJLFDO�ZLQGRZ�LV�EDVHG�RQ�RQO\�IRXU�VDPSOHV�IURP�WKUHH�WDQNV��LW�LV�SRVVLEOH�WKDW�VOXUULHV�
IURP�RWKHU�WDQNV�FRXOG�H[FHHG�WKH�UKHRORJLFDO�ERXQGDU\���,W�KDV�EHHQ�HVWLPDWHG�WKDW����WR�����RI�+/:�
WDQNV�PD\�KDYH�UKHRORJLFDO�SURSHUWLHV�KLJKHU��\LHOG�VWUHVV�DQG�FRQVLVWHQF\�KLJKHU�WKDQ����3D�DQG����F3��
UHVSHFWLYHO\��WKDQ�WKRVH�GRFXPHQWHG�LQ�WKH�WKUHH�DFWLYH�WDQN�VDPSOHV�DQDO\]HG�WR�GDWH��&&1�����������
7KLV�XQFHUWDLQW\�ZLOO�EH�DGGUHVVHG�E\�ODERUDWRU\�WHVWLQJ�SULRU�WR�UHFHLSW�RI�WKH�ZDVWH�DW�WKH�:73�WR�GHILQH�
WKH�H[WHQW�WR�ZKLFK�WKH�VOXUU\�PD\�EH�FRQFHQWUDWHG�DQG�VWD\�EHORZ�WKH�UKHRORJLFDO�ERXQGDU\��
�
3ODQW�8SVHW�2SHUDWLRQ�5KHRORJLFDO�%RXQG���,W�LV�LPSRUWDQW�WR�QRWH�WKDW�PHDVXUHG�PD[LPXP�VKHDU�
VWUHQJWK�YDOXHV��DQ�DFWXDO�SK\VLFDO�SURSHUW\�WKDW�PXVW�EH�RYHUFRPH�LQ�RUGHU�IRU�WKHVH�IOXLGV�WR�IORZ��IRU�
DFWXDO�+/:�SUHWUHDWHG�VOXGJH�VDPSOHV�ZKHQ�DOORZHG�WR�VWDQG�LQ�DQ�XQPL[HG�FRQGLWLRQ��WKDW�LV��SRVW�'%(��
WKH\�UHDFK�YDOXHV�JUHDWHU�WKDQ����3D���)RU�WKLV�UHDVRQ��D�ERXQGLQJ�\LHOG�VWUHQJWK�YDOXH�RI����3D�VKRXOG�EH�
XVHG��&&1�����������,Q�DGGLWLRQ��WKH�³JHO´�WLPH��WKH�WLPH�UHTXLUHG�IRU�WKH�DFWXDO�ZDVWH�WR�UHDFK�LWV�PD[�
LPXP�VKHDU�VWUHQJWK�YDOXH��RI�DFWXDO�ZDVWH�VDPSOHV�ZLOO�QHHG�WR�EH�WDNHQ�LQWR�DFFRXQW�DORQJ�ZLWK�WKH�
PD[LPXP�VKHDU�VWUHQJWK�YDOXHV�IRU�SODQW�RSHUDWLRQ�FRQVLGHUDWLRQV��
�
������ 6LPXODQWV�
�
2QH�WUDQVSDUHQW�VLPXODQW�DQG�RQH�RSDTXH�VLPXODQW�ZHUH�XVHG�LQ�WKH�3-0�SURJUDP���7KH�WUDQVSDUHQW�
VLPXODQW�ZDV�/DSRQLWH�5'��6RXWKZHVWHUQ�&OD\�3URGXFWV���D�WKL[RWURSLF�FROORLGDO�V\QWKHWLF�FOD\�WKDW�IRUPV�
VWDEOH�JHO�QHWZRUNV�ZKHQ�XQVKHDUHG���'XH�WR�WKH�WKL[RWURSLF�QDWXUH�RI�/DSRQLWH��WKH�IORZ�EHKDYLRU�RI�WKH�
VLPXODQW�LV�G\QDPLF��DQG�LW�ZDV�DOORZHG�WR�JHO�DQG�UHDFK�D�WDUJHW�VKHDU�VWUHQJWK���6SHHUV�HW�DO���������
GHPRQVWUDWHG�WKDW�WKH�VKHDU�VWUHQJWK�RI�FOD\�GULOOLQJ�PXGV�LQFUHDVHV�RYHU�WLPH�IROORZLQJ�ILUVW�RUGHU�UDWH�
NLQHWLFV���/DSRQLWH�VKHDU�VWUHQJWK�EHKDYLRU�ZDV�REVHUYHG�WR�DJUHH�ZLWK�WKH�6SHHUV�HW�DO���������FRUUHODWLRQ�
IRU�GULOOLQJ�PXGV���$W�WKLV�SRLQW�WKH�3-0�V\VWHP�ZDV�VWDUWHG�DQG�D�PL[LQJ�FDYHUQ�IRUPHG�DV�GHILQHG�E\�WKH�
JHO¶V�VKHDU�VWUHQJWK���$IWHU�FRQVWDQW�VKHDULQJ��D�VWHDG\�VWDWH�IORZ�EHKDYLRU�ZDV�DSSURDFKHG���8QIRU�
WXQDWHO\��WKLV�IORZ�EHKDYLRU�ZDV�ORZHU�WKDQ�WKH�ERXQGLQJ�UKHRORJ\�RI�:73�ZDVWH�VWUHDPV���7KLV�LV�
LOOXVWUDWHG�LQ�)LJXUH������ZKHUH�DFWXDO�+/:�SUHWUHDWHG�VOXGJH�UKHRJUDPV�DUH�FRPSDUHG�ZLWK�3-0�
VLPXODQWV���7KH�ERXQGLQJ�UKHRORJLFDO�SDUDPHWHUV�RI�WKH�+/:�SUHWUHDWHG�VOXGJH��3RORVNL�������DUH�
GHILQHG�DV�%LQJKDP�SODVWLF�FRQVLVWHQF\�RI����F3�DQG�\LHOG�VWUHVV�RI����3D���
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6KHDU�5DWH����V�

6K
HD
U�6
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VV
��3

D�

/DSRQLWH�7HVW�6LPXODQW��ILOH��
������B���BDF�

���3D�.DROLQ�%HQWRQLWH�6LPXODQW�
�ILOH�������������8)3�,QLW�$�U��

���3D�.DROLQ�%HQWRQLWH�6LPXODQW�
�ILOH������������M�

$=��������ZW��8'6�
�ILOH�������&

&�������ZW��8'6��ILOH��������)�

$=��������ZW��8'6��ILOH��������BD�

$=��������ZW��8'6��ILOH��������'�

+/:�3UHWUHDWHG�6OXGJH�8SSHU�
%RXQGLQJ�:LQGRZ�����3D�\LHOG�
VWUHVV�����F3�FRQVLVWHQF\�

�
)LJXUH�������)ORZ�%HKDYLRU�&RPSDULVRQ�RI�3-0�6LPXODQWV�DQG�$FWXDO�+/:�3UHWUHDWHG�6OXGJH�

�
,Q�DGGLWLRQ�WR�QRW�SRVVHVVLQJ�WKH�WDUJHW�UKHRORJLFDO�SDUDPHWHUV�GHVLUHG�IRU�3-0�WHVWLQJ��WKH�/DSRQLWH�FRP�
SRVLWLRQ�DOVR�GRHV�QRW�PDWFK�RWKHU�WDUJHW�YDOXHV�JLYHQ�LQ�7DEOH�������7KH�/DSRQLWH�UHFLSH�FDOOV�IRU�����ZW��
/DSRQLWH�5'�LQ�ZDWHU�ZKHUH�WKH�DFWXDO�ZDVWH�LV�LQ�WKH����WR����ZW��XQGLVVROYHG�VROLGV�UDQJH���$QG�WKH�
/DSRQLWH�VLPXODQW�FRQVLVWV�RI�SDUWLFOHV�RQ�WKH�RUGHU�RI�WHQV�RI�QDQRPHWHUV��ZKHUHDV�WKH�DFWXDO�ZDVWH�
FRQVLVWV�RI�SDUWLFOHV�LQ�WKH�WHQV�RI�PLFURQV�UDQJH���7KHVH�GLIIHUHQFHV�PD\�UHVXOW�LQ�YDU\LQJ�WXUEXOHQW�IORZ�
EHKDYLRU�LQ�WKH�3-0�PL[LQJ�FDYHUQ���)RU�WKHVH�UHDVRQV��D�PRUH�UHSUHVHQWDWLYH�SDUWLFXODWH�VOXUU\�ZDV�
GHYHORSHG�WR�HQKDQFH�FRQILGHQFH�LQ�WKH�3-0�WHVWLQJ�UHVXOWV���8QIRUWXQDWHO\��WKLV�VLPXODQW�LV�RSDTXH��
�
7KH�SDUWLFXODWH�VLPXODQW�GHYHORSHG�FRQVLVWV�RI�D�PL[WXUH�RI�NDROLQ�FOD\��(3.�)HOGVSDU�3XOYHUL]HG��DQG�
EHQWRQLWH�FOD\��:<2�%HQ�%LJ�+RUQ�&+������LQ�ZDWHU���7R�PHHW�WKH�:73�ERXQGLQJ�SDUDPHWHUV�RI�
%LQJKDP�SODVWLF�FRQVLVWHQF\�RI����F3�DQG�\LHOG�VWUHVV����3D��D�UHFLSH�ZDV�GHYHORSHG�XVLQJ�WKHVH�WZR�
FOD\V���7KH�UHFLSH�FDOOV�IRU�D�FRPSRVLWH�RI�����NDROLQ�DQG�����EHQWRQLWH�PL[HG�ZLWK�ZDWHU�WR�D�ORDGLQJ�
RI�DSSUR[LPDWHO\����ZW����:DWHU�LV�WKHQ�DGGHG�WR�WKH�VLPXODQW�WR�DGMXVW�WKH�UKHRORJLFDO�SDUDPHWHUV�WR�
RWKHU�WDUJHW�YDOXHV���)LJXUH�����FRPSDUHV�WKHVH�VLPXODQWV�ZLWK�DFWXDO�ZDVWH�DW�YDULRXV�VROLGV�ORDGLQJV�WR�
WDUJHW�����DQG����3D�\LHOG�VWUHVV���$�VXPPDU\�RI�WKH�PHDVXUHG�UKHRORJLFDO�SDUDPHWHUV�IRU�VLJQLILFDQW�
SURWRW\SH�WHVWV�DQG�VSDUJLQJ�WHVWV�LV�VKRZQ�LQ�7DEOHV�����������DQG�������,Q�DGGLWLRQ��WKH�EHQWRQLWH�NDROLQ�
VLPXODQW�VKHDU�VWUHQJWK�EHKDYLRU�ZDV�REVHUYHG�WR�DJUHH�ZLWK�6SHHUV�HW�DO���������FRUUHODWLRQ�IRU�GULOOLQJ�
PXGV��
�
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7DEOH�������5KHRORJLFDO�0RGHO�)LWV�IRU�/6�3URWRW\SH�3-0�6LPXODQWV�DW�$PELHQW�7HPSHUDWXUH�
0RGHO�0RGHO�3DUDPHWHU� /6�7HVW��� /6�7HVW��� /6�7HVW���� /6�7HVW���� /6�7HVW����

)LOH�1DPH� ����
������M�

�����������
OV�7��5��

����
�����E�

�������DSHO�
����I�

�������DSHO�
U������I�

%LQJKDP�3ODVWLF�� � � � � �
%
2τ ��%LQJKDP�\LHOG�VWUHVV��3D�� ��� ��� ��� ��� ���

�N���%LQJKDP�FRQVLVWHQF\�FRHIILFLHQW��F3�� ��� ��� ��� ��� ���
�5���FRUUHODWLRQ�FRHIILFLHQW� ���� ���� ���� ����D�� ����
+HUVFKHO�%XONOH\�� � � � � �

+
2τ ��\LHOG�VWUHVV��3D�� ��� ��� ��� ��� ���

�N���+HUVFKHO�%XONOH\�FRQVLVWHQF\�FRHII���3D⋅V��E�� ������ ������ ������ ����� ������
�E���+HUVFKHO�%XONOH\�SRZHU�ODZ�H[SRQHQW� ����� ����� ����� ����� �����
�5±�FRUUHODWLRQ�FRHIILFLHQW� ���� ���� ���� ����D�� ����D��
��D��6WDQGDUG�HUURU��
�

7DEOH�������5KHRORJLFDO�0RGHO�)LWV�IRU�8)3�3URWRW\SH�3-0�6LPXODQWV�DW�$PELHQW�7HPSHUDWXUH�
0RGHO�0RGHO�3DUDPHWHU� 8)3�7HVW��� 8)3�7HVW��%� 8)3�7HVW��� 8)3�7HVW���

)LOH�1DPH�
�����������
XIS�7��LQLW�U��

�������DSHO�
����I�

�������DSHO�
����I�

�������DSHO�
����I�

%LQJKDP�3ODVWLF�� � � � �
%
2τ ��%LQJKDP�\LHOG�VWUHVV��3D�� ��� ��� ��� ���

�N�F��%LQJKDP�FRQVLVWHQF\�FRHIILFLHQW��F3�� ��� ��� ��� ���
�5F���FRUUHODWLRQ�FRHIILFLHQW� ���� ����D�� ����D�� ����D��
+HUVFKHO�%XONOH\�� � � � �

+
2τ ��\LHOG�VWUHVV��3D�� ��� ��� ��� ���

�N���+HUVFKHO�%XONOH\�FRQVLVWHQF\�FRHIILFLHQW��3D⋅V�E�� ������ ������ ������ ������
�E���+HUVFKHO�%XONOH\�SRZHU�ODZ�H[SRQHQW� ����� ����� ����� �����
�5���FRUUHODWLRQ�FRHIILFLHQW� ���� ����D�� ����D�� ����D��
��D��6WDQGDUG�HUURU��

�
7DEOH�������5KHRORJLFDO�0RGHO�)LWV�IRU�/6�3URWRW\SH�3-0�6LPXODQWV�DW�$PELHQW�7HPSHUDWXUH�

0RGHO�0RGHO�3DUDPHWHU�
����VLPXODQW�

��������

����VLPXODQW�
DIWHU�SHUR[LGH�

DGGLWLRQ�
����VLPXODQW�
GXULQJ�JDV�

UHWHQWLRQ�WHVW�
����VLPXODQW�
DIWHU�JDV�

UHWHQWLRQ�WHVW�

)LOH�1DPH�
�������DSHO�

����I�
�������DSHO�

����I�
�������DSHO�

����I�
�������DSHO�

����I�
%LQJKDP�3ODVWLF�� � � � �

%
2τ ��%LQJKDP�\LHOG�VWUHVV��3D�� ��� ��� ��� ���

N�±�%LQJKDP�FRQVLVWHQF\�FRHIILFLHQW��F3�� ��� ��� ��� ���
5��FRUUHODWLRQ�FRHIILFLHQW� ����D�� ����D�� ����D�� ����D��
+HUVFKHO�%XONOH\�� � � � �

+
2τ ���\LHOG�VWUHVV��3D�� ��� ��� ��� ���

N���+HUVFKHO�%XONOH\�FRQVLVWHQF\�FRHIILFLHQW��3D⋅V�E�� ������ ������ ������ ������
E���+HUVFKHO�%XONOH\�SRZHU�ODZ�H[SRQHQW� ����� ����� ����� �����
5���FRUUHODWLRQ�FRHIILFLHQW� ����D�� ����D�� ����D�� ����D��
�D��6WDQGDUG�HUURU���
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���� 3URWRW\SH�5HVXOWV�
�
7KH�YDULRXV�PL[LQJ�WHVWV�SHUIRUPHG�DQG�WKH�SHUFHQW�PL[HG�IRU�ERWK�WKH�8)3�DQG�/6�SURWRW\SH�WHVW�VWDQGV�
DUH�VXPPDUL]HG�LQ�7DEOHV�����DQG������UHVSHFWLYHO\���7KH�3-0V��VSDUJHUV��DQG�UHFLUFXODWLRQ�SXPS�FRQ�
ILJXUDWLRQV�IRU�WKH�YDULRXV�VHTXHQFHV�OLVWHG�LQ�WKH�WDEOHV�DUH�SUHVHQWHG�LQ�7DEOHV�����DQG������6HFWLRQ��������
$OO�WHVWV�ZHUH�SHUIRUPHG�ZLWK�D�ZLWK�D�NDROLQ�EHQWRQLWH�FOD\�VLPXODQW��WKH�\LHOG�VWUHVV�RI�ZKLFK�ZDV�
GHWHUPLQHG�IURP�WKRURXJKO\�PL[HG�VDPSOHV��PL[HG�E\�3-0�RYHUEORZ�DQG�VSDUJLQJ��FROOHFWHG�SULRU�WR�DQG�
DW�WKH�FRPSOHWLRQ�RI�D�VHTXHQFH�RI�UXQV���7KH�\LHOG�VWUHVV�RI�WKH�NDROLQ�EHQWRQLWH�FOD\�VLPXODQW�LV�WKH�
DYHUDJH�RI�WKH�UHVXOWV�IRU�WKHVH�VDPSOHV���7KH�+�'7�LV�WKH�UDWLR�RI�WKH�VLPXODQW�ILOO�KHLJKW�WR�WDQN�GLDPHWHU���
�
7KH�QR]]OH�YHORFLWLHV�OLVWHG�LQ�7DEOHV�����DQG�����ZHUH�FDOFXODWHG�EDVHG�RQ�WKH�DYHUDJH�YHORFLW\�� GLVFK��DV�
GHILQHG�E\�(TXDWLRQ�$���LQ�$SSHQGL[�$���7KH�DYHUDJH�QR]]OH�YHORFLWLHV�DUH�EDVHG�RQ�DYHUDJHV�RI�DOO�WKH�
3-0V��IRXU�RU�VL[�IRU�8)3�DQG�HLJKW�IRU�/6��WDNHQ�RYHU�W\SLFDOO\����UHSUHVHQWDWLYH�F\FOHV�RI�3-0�RSHU�
DWLRQ�GXULQJ�D�UXQ���7KH�F\FOH�WLPHV�OLVWHG�LQ�7DEOHV�����DQG�����IRU�WKH�WZR�WHVW�VWDQGV�ZHUH�VHW�EDVHG�RQ�
VFDOLQJ�DSSUR[LPDWHO\�HTXDO�WR�WKH�LQYHUVH�RI�WKH�JHRPHWULF�VFDOH�IDFWRU��WKDW�LV�������DQG������IRU�WKH�8)3�
DQG�/6�SURWRW\SH�WHVW�VWDQGV��UHVSHFWLYHO\���
�
)RU�WHVWV�WKDW�XVHG�D�UHFLUFXODWLRQ�SXPS��WKH�SXPS�IORZ�UDWHV�ZHUH�VFDOHG�DSSUR[LPDWHO\�E\�WKH�VTXDUH�RI�
WKH�JHRPHWULF�VFDOH�IDFWRU��WKDW�LV��������� ������DQG��������������IRU�WKH�8)3�DQG�/6�SURWRW\SH�WHVW�VWDQGV��
UHVSHFWLYHO\���7KH�UHFLUFXODWLRQ�IORZ�UDWHV�OLVWHG�LQ�7DEOHV�����DQG�����DUH�EDVHG�RQ�WKH�DYHUDJH�RI�WKH�IORZ�
UDWHV�PHDVXUHG�RYHU�WKH�GXUDWLRQ�RI�D�UXQ���,Q�FDOFXODWLQJ�UHFLUFXODWLRQ�SXPS�DYHUDJHV��VWDUWXS�WUDQVLHQWV�
ZHUH�LJQRUHG���
�
)RU�WHVWV�WKDW�LQYROYHG�VSDUJLQJ��QR�VFDOLQJ�ZDV�DSSOLHG�LQ�VHWWLQJ�WKH�RSHUDWLQJ�DLU�IORZ�UDWHV�DQG�DFIP�
WKURXJK�WKH�VSDUJHU�WXEHV�DUH�EDVHG�RQ�WKH�UHDGRXW�RI�WKH�URWDPHWHUV�LQFOXGHG�LQ�OLQH�ZLWK�HDFK�VSDUJHU��
1R�FRUUHFWLRQV�ZHUH�DSSOLHG�WR�WKH�VSDUJHU�DLU�IORZ�UDWHV��DQG�D�SRVW�FDOLEUDWLRQ�RI�WKH�IORZ�PHWHUV�
LQGLFDWHG�WKH�VSDUJHU�IORZ�UDWHV�ZHUH�ZLWKLQ����������
�

7DEOH�������7HVW�&RQGLWLRQV�DQG�)UDFWLRQ�0L[HG�5HVXOWV�IRU�7HVWV�3HUIRUPHG�LQ�8)3�7HVW�6WDQG�

6HT� 5XQ� 7HVW�0RGH� +�'�
<LHOG�
6WUHVV�
�3D��

1R]��
9HO��
�P�V��

&\FOH�
7LPH�
�VHF��

6SDUJHU�
)ORZ�5DWH�
�DFIP��

3XPS�
)ORZ�5DWH�
�JSP��

)UDFWLRQ�
0L[HG�

(UURU�D��
����

�� �� 3-0�2QO\� ���� ��� ���� ��� �� �� ����� ������
�� �� 3-0�2QO\� ���� ��� ����� ��� �� �� ����� ������
�� �� 3-0���6SDUJLQJ� ���� ��� ����� ��� �� �� ���� ������
�� �� 3-0���6SDUJLQJ� ���� ��� ����� ��� �� �� ����� �������
�%� �� 3-0V�2QO\� ���� ��� ���� ��� �� �� ����� �����
�%� �� 3-0���3XPS� ���� ��� ���� ��� �� ��� ����� �������
�%� �� 3-0���3XPS� ���� ��� ����� ��� �� ��� ���� �������
�%� �� 3-0���3XPS���

6SDUJLQJ� ���� ��� ����� ��� �� ��� ���� �������
�D���(VWLPDWHG�HUURU�GXH�WR�DVVXPSWLRQ�RI�OLQHDU�LVRWKHUP�IRU�G\H�DEVRUSWLRQ���([SHULPHQWDO�HUURU�QRW�LQFOXGHG��
�
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7DEOH�������7HVW�&RQGLWLRQV�DQG�)UDFWLRQ�0L[HG�5HVXOWV�IRU�7HVWV�3HUIRUPHG�LQ�/6�7HVW�6WDQG�

6HT� 5XQ� 7HVW�0RGH� +�'�
<LHOG�
6WUHVV�
�3D��

1R]��9HO��
�P�V��

&\FOH�
7LPH�
�VHF��

6SDUJHU�
)ORZ�5DWH�

�FIP��

3XPS�
)ORZ�5DWH�
�JSP��

)UDFWLRQ�
0L[HG�

(UURU�D��
����

�� �� 3-0V�2QO\� ����� ��� ���� ��� �� �� ����� �����
�� �� 3-0V�2QO\� ����� ��� ����� ��� �� �� ����� �����
�� �� 3-0V���6SDUJHUV� ����� ��� ����� ��� �� �� ����� ������
�� �� 3-0V���6SDUJHUV� ����� ��� ����� ��� �� �� ����� ������
�� �� 3-0V�2QO\� �� ��� ���� ��� �� �� ����� �����
�� �� 3-0V�2QO\� �� ��� �� ��� �� �� ����� ������
�� �� 3-0V���3XPS� �� ��� �� ��� �� ���� ����� �����
�� �� 3-0V���3XPS� �� ��� ����� ��� �� ���� ���� �����
�� �� 3-0V���3XPS���

6SDUJLQJ� �� ��� ����� ��� �� ���� ���� �������

�� �� 3-0V���3XPS���
6SDUJLQJ� �� ��� ����� ��� �� ���� ����� �������

��� �� 3-0V���3XPS� ����� ��� ���� ��� �� ���� ����� ������
��� �� 3-0V���3XPS� ����� ��� ����� ��� �� ���� ����� �������
��� �� 3-0V� ����� ��� ����� ��� �� ���� ����� �������
��� �� 3-0V���3XPS� ����� ��� ����� ��� �� ���� ���� ��������

�D���(VWLPDWHG�HUURU�GXH�WR�DVVXPSWLRQ�RI�OLQHDU�LVRWKHUP�IRU�G\H�DEVRUSWLRQ���([SHULPHQWDO�HUURU�QRW�LQFOXGHG��
�
7KH�IUDFWLRQ�PL[HG�GDWD�SUHVHQWHG�LQ�7DEOHV�����DQG�����DUH�EDVHG�RQ�WKH�PHDVXUHPHQWV�REWDLQHG�IURP�WKH�
G\H�WUDFHU�LQMHFWHG�LQWR�WKH�VLPXODQW�SULRU�WR�WKH�VWDUW�RI�D�WHVW�VHTXHQFH��DQG�WKH�DSSURDFK�LV�GLVFXVVHG�LQ�
6HFWLRQ�����DQG�$SSHQGL[�%���7KH�HUURU�LQ�WKH�IUDFWLRQ�PL[HG�YDOXHV�LV�GXH�WR�D�OLQHDU�LVRWKHUP�DVVXPS�
WLRQ�IRU�G\H�DEVRUSWLRQ��VHH�$SSHQGL[�%�IRU�GHWDLOV����7KLV�HUURU�JRHV�WR�]HUR�DV�WKH�IUDFWLRQ�PL[HG�JRHV�WR�
�������([SHULPHQWDO�YDULDELOLW\�GXH�WR�VDPSOLQJ�DQG�DQDO\VLV�LV�VWLOO�SUHVHQW���7KH�SHUFHQW�PL[HG�YHUVXV�
\LHOG�5H\QROGV�QXPEHU�IRU�WKH�YDULRXV�WHVWV�FRQGXFWHG�ZLWK�WKH�8)3�SURWRW\SH�WHVW�VWDQG�DUH�VKRZQ�LQ�
)LJXUH�������6LPLODU�UHVXOWV�IRU�WKH�/6�SURWRW\SH�WHVW�VWDQG�DUH�VKRZQ�LQ�)LJXUH������
�
,W�FDQ�EH�VHHQ�IURP�WKH�GDWD�LQ�)LJXUH�����WKDW�ZLWK�3-0V�RQO\�DQ�LQFUHDVH�LQ�WKH�\LHOG�5H\QROGV�QXPEHU�
UHVXOWV�LQ�DQ�LQFUHDVH�LQ�WKH�SHUFHQW�PL[HG���,W�FDQ�DOVR�EH�LQ�)LJXUH�����WKDW�3-0V�DORQH�DUH�QRW�VXIILFLHQW�
WR�FRPSOHWHO\�PL[�WKH�WDQN���7KH�DGGLWLRQ�RI�VSDUJLQJ�DQG�RU�UHFLUFXODWLRQ�JHQHUDOO\�UHVXOWV�LQ�FRPSOHWH�
PL[LQJ���6LPLODU�REVHUYDWLRQV�FDQ�EH�PDGH�IRU�WKH�/6�SURWRW\SH�WHVW�VWDQG���
�
7KH�WHVW�FRQGLWLRQV�DQG�UHVXOWV�RI�WKH�YDULRXV�VROLGV�OLIW�WHVWV�SHUIRUPHG�LQ�ERWK�8)3�DQG�/6�SURWRW\SH�WHVW�
VWDQGV�DUH�VKRZQ�LQ�7DEOHV�����DQG�������7KH�3-0�FRQILJXUDWLRQV�IRU�8)3�DQG�/6�SURWRW\SH�WHVW�VWDQGV�DUH�
SUHVHQWHG�LQ�7DEOHV�����DQG�����DQG�GLVFXVVHG�LQ�6HFWLRQ�������)RU�DOO�WKH�VROLGV�OLIW�WHVWV��D�VOXUU\�RI���PP�
JODVV�EHDGV��VSHFLILF�JUDYLW\������LQ�ZDWHU�ZDV�XVHG���7KH�FRQFHQWUDWLRQ�RI�WKH�JODVV�EHDGV�ZDV�a����YRO����
,Q�7DEOHV�����DQG������WKH�QR]]OH�YHORFLWLHV�ZHUH�GHWHUPLQHG�EDVHG�RQ�WKH�DYHUDJHV�GHVFULEHG�DERYH���
�
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>'7�+@>15HW@���

3H
UFH

QW�
0L

[H
G��

����
�

3-0�2QO\ 3-0V���6SDUJLQJ 3-0V���3XPS����'LVFK��1R]� /LQHDU��3-0�2QO\� �
)LJXUH�������3HUFHQW�0L[HG�9HUVXV�<LHOG�5H\QROGV�1XPEHU�IRU�8)3�3URWRW\SH�7HVW�6WDQG��

'XULQJ�9DULRXV�2SHUDWLQJ�&RQGLWLRQV�
�

��

���

���

���

���

����

����

� ��� � ��� � ��� � ��� � ��� �

>'7�+@>15HW@���

3H
UFH

QW�
0L

[H
G��

����
�

3-0�2QO\ 3-0V���6SDUJLQJ 3-0V���3XPS����'LVFK��1R]��� 3-0V���3XPS����'LVFK��1R]�� /LQHDU��3-0�2QO\� �
)LJXUH�������3HUFHQW�0L[HG�9HUVXV�<LHOG�5H\QROGV�1XPEHU�IRU�/6�3URWRW\SH�7HVW�6WDQG��

'XULQJ�9DULRXV�2SHUDWLQJ�&RQGLWLRQV�
�



� � � � � $WWDFKPHQW���

����

7DEOH�������7HVW�&RQGLWLRQV�DQG�5HVXOWV�RI�6ROLGV�/LIW�7HVWV�3HUIRUPHG�LQ�8)3�3URWRW\SH�7HVW�6WDQG�

6HT� 5XQ� 7HVW�0RGH� +�'� 1R]��9HO��
�P�V��

&\FOH�7LPH�
�VHF��

6ROLGV�/LIW�
�<HV�1R��

�� �� 3-0V�RQO\� ���� ���� ��� 1R�
�� �� 3-0V�RQO\� ���� ���� ��� 1R�
�� �� 3-0V�RQO\� ���� ���� ��� <HV�
�� �� 3-0V�RQO\� ���� ���� ��� <HV�

�
7DEOH�������7HVW�&RQGLWLRQV�DQG�5HVXOWV�RI�6ROLGV�/LIW�7HVWV�3HUIRUPHG�LQ�/6�3URWRW\SH�7HVW�6WDQG�

6HT��1R�� 5XQ� 7HVW�0RGH� +�'� 1R]��9HO��
�P�V��

&\FOH�7LPH�
�VHF��

6ROLGV�/LIW�
�<HV�1R��

��� �� 3-0V�RQO\� ����� ���� ��� 1R�
��� �� 3-0V�RQO\� ����� ���� ��� <HV�
��� �� 3-0V�RQO\� ����� ���� ��� <HV�
��� �� 3-0V�RQO\� ����� ���� ��� 1R�
��� �� 3-0V�RQO\� ����� ���� ��� 1R�
��� �� 3-0V�RQO\� ����� ���� ��� <HV�

�
'XULQJ�WKH�VROLGV�OLIW�WHVWV��YLVXDO�REVHUYDWLRQV�ZHUH�PDGH�WR�DVVHVV�ZKHWKHU�DW�DQ\�PRPHQW�GXULQJ�WKH�
GULYH�SKDVH�DOO�WKH�VROLG�JODVV�EHDGV�ZHUH�OLIWHG�RII�WKH�IORRU���7KHVH�REVHUYDWLRQV�DUH�LQGLFDWHG�E\�<�RU�1�
�\HV�RU�QR��LQ�WKH�ODVW�FROXPQ�RI�7DEOHV�����DQG�������
�
7KH�GDWD�IRU�WKH�EHDG�OLIW�WHVWV�LQ�WKH�8)3�WHVW�VWDQG�XVLQJ�WKH�³FOXVWHU´�FRQILJXUDWLRQ�DQG�����QR]]OHV�
LQGLFDWHV�WKDW�WKH�PLQLPXP�YHORFLW\�QHHGHG�WR�OLIW�WKH�EHDGV�IURP�WKH�IORRU�ZDV�EHWZHHQ�����DQG�����P�V���
)RU�WKH�/6�SURWRW\SH�ZLWK�FOXVWHU�3-0�FRQILJXUDWLRQ�DQG�����QR]]OHV��WKH�PLQLPXP�YHORFLW\�WR�OLIW�WKH�
EHDGV�IURP�WKH�IORRU�ZDV�IRXQG�WR�EH�EHWZHHQ�����DQG���P�V���$OO�WKH�YDOXHV�DUH�EHORZ�WKH�PLQLPXP�MHW�
YHORFLW\�RI���P�V�EHLQJ�FRQVLGHUHG�IRU�WKH�3-0V��
�
7KHVH�YHORFLW\�YDOXHV�FDQ�EH�H[WHQGHG�WR�RWKHU�FRQFHQWUDWLRQV�DQG�SDUWLFOH�VL]HV�WKURXJK�WKH�IXQFWLRQ�
DOLWLHV�JLYHQ�LQ�6HFWLRQ�������DQG�(TXDWLRQ�������)03�IRXQG�WKDW�WKH�HIIHFW�RI�VFDOH�ZDV�JLYHQ�E\�WKH�
IXQFWLRQ�9MV�SURSRUWLRQDO�WR7����IRU�FRQVWDQW�UDWLR�RI�WDQN�WR�MHW�GLDPHWHU���7KLV�VFDOH�XS�HIIHFW�LV�VPDOO�
EHFDXVH�RI�WKH�ODUJH�VFDOH�RI�WKH�WHVW�WDQNV��
�
7KH�DERYH�GDWD�RQO\�UHIHUV�WR�ZKHWKHU�VROLGV�DUH�OLIWHG�RII�WKH�WDQN�ERWWRP���+RZ�ZHOO�WKH\�DUH�GLVWULEXWHG�
YHUWLFDOO\�LQ�WKH�WDQNV�GHSHQGV�RQ�GLIIHUHQW�IDFWRUV�ZLWK�GLIIHUHQW�IXQFWLRQDOLWLHV���,Q�:73�WKLV�KDV�EHHQ�
VWXGLHG�ZLWK�FRPSXWDWLRQDO�IOXLG�G\QDPLFV��&)'��DQG�KDV�VKRZQ�ZLWK�VORZ�VHWWOLQJ�SDUWLFOHV�WKDW�WKH�
VROLGV�DUH�IDLUO\�ZHOO�GLVWULEXWHG���+RZHYHU�&)'�FDQQRW�FXUUHQWO\�GHWHUPLQH�ZKHWKHU�WKH�VROLGV�DUH�OLIWHG�
RII�WKH�ERWWRP��WKLV�UHTXLUHV�WKH�H[SHULPHQWDO�YHULILFDWLRQ�GLVFXVVHG�DERYH���
�
���� 6SDUJLQJ�
�
7KH�PRELOL]DWLRQ�SHUIRUPDQFH�RI�D�VLQJOH�VSDUJH�WXEH�LQ�D�UKHRORJLFDOO\�ERXQGLQJ�:73�VLPXODQW�ZDV�
LQYHVWLJDWHG�DV�GHVFULEHG�LQ�6HFWLRQ�������7KH�UKHRORJLFDO�SURSHUWLHV�RI�WKH�VLPXODQW�DUH�GHVFULEHG�LQ�
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6HFWLRQ���������=2,�DQG�52%�GLDPHWHU�UHVXOWV�ZHUH�SORWWHG�DJDLQVW�WKH�DFWXDO�YROXPHWULF�DLU�IORZ�LQ�WKH�
VOXUU\�DW�WKH�HQG�RI�WKH�VXEPHUJHG�VSDUJH�WXEH���7KHVH�UHVXOWV�DUH�VKRZQ�LQ�)LJXUH�������([DPLQDWLRQ�RI�
WKH�GDWD�UHYHDOV�WKDW�WKH�52%�DQG�=2,�GLDPHWHUV�DUH�D�ZHDN�IXQFWLRQ�RI�VXEPHUJHQFH�GHSWK���7KLV�
LQGLFDWHV�WKDW�WKHVH�UHJLRQV�KDYH�D�QHDUO\�F\OLQGULFDO�VXEPHUJHG�YHUWLFDO�SURILOH���7KH�IXOO�VFDOH�3-0�
VSDUJHU�V\VWHPV�ZLOO�EH�VXEPHUJHG�GHHSHU�WKDQ�PHDVXUHG�LQ�WKHVH�H[SHULPHQWV���%HFDXVH�WKH�=2,�DQG�
52%�GLDPHWHUV�ZLOO�LQFUHDVH�VOLJKWO\�ZLWK�VXEPHUJHQFH�GHSWK��WKLV�DVVXPSWLRQ�LV�FRQVHUYDWLYH�IURP�D�
GHVLJQ�SHUVSHFWLYH���$�FRUUHODWLRQ�RI�WKH�52%�DQG�=2,�GLDPHWHUV�WR�DFWXDO�YROXPHWULF�IORZ�UDWH�DGH�
TXDWHO\�GHVFULEHV�WKH�VL]H�RI�WKHVH�UHJLRQV��VHH�(TXDWLRQV�����DQG���������
�
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LDP
HWH
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=2
,��L

Q�

52%���

�VXEPHUJHG=2,���

�VXEPHUJHG52%����

�VXEPHUJHG=2,����

�VXEPHUJHG52%������VXEPHUJHG=2,����

�VXEPHUJHG52%���

�6XEPHUJHG=2,���

�6XEPHUJHG52%�ZLWK�JDV=2,�ZLWK�*DV

'=2, ��4����

�'=2,�'52%��� ��4����

'52% ��4����

�
)LJXUH�������=2,�DQG�52%�6SDUJHU�'LDPHWHUV�DW�9DULRXV�$LU�)ORZ�5DWHV�

�
� � � � ������ DLU52% 4' = � ������
�
� � � � ������ DLU=2, 4' = � ������
�
ZKHUH�
�

'52%� LV�WKH�52%�GLDPHWHU��LQ��
'=2,� LV�WKH�=2,�GLDPHWHU��LQ��
4DLU� LV�WKH�DFWXDO�YROXPHWULF�IORZ�UDWH�RI�WKH�DLU�LQ�VOXUU\�DW�WKH�HQG�RI�WKH�VSDUJH�WXEH�

�IW��PLQ��
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52%�

=2,�
����=2,�

��
)LJXUH�������$GMDFHQW�=2,�DQG�52%�,QWHUDFWLRQ�2SWLRQV�

�
)URP�WKHVH�FRUUHODWLRQV�RQH�FDQ�VHH�WKDW�'=2,�§��Â'52%���,I�RQH�GHVLJQV�D�VSDUJLQJ�V\VWHP�VXFK�WKDW�WKH�
=2,�IURP�RQH�VSDUJH�WXEH�PHHWV�WKH�52%�IURP�DQ�DGMDFHQW�VSDUJHU��)LJXUH�������WKH�VSDUJHU�VSDFLQJ�
VKRZQ�LQ�(TXDWLRQ�����FDQ�EH�VSHFLILHG��
�

� � � �

=2,V

52%=2,

=2,52%
V
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�
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�

�

=

=
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� ������

�
ZKHUH�
�

'6� LV�WKH�VSDUJHU�VSDFLQJ�
'52%� LV�WKH�52%�GLDPHWHU�
'=2,� LV�WKH�=2,�GLDPHWHU�

�
$QRWKHU�VLQJOH��WXEH�VSDUJLQJ�WHVW�ZDV�SHUIRUPHG�E\�PL[LQJ�K\GURJHQ�SHUR[LGH�ZLWK�WKH�VLPXODQW���7KH�
VLPXODQW�ZDV�WKHQ�DOORZHG�WR�VLW�XQGLVWXUEHG�IRU�D�WLPH�DV�WKH�GHFRPSRVLWLRQ�RI�K\GURJHQ�SHUR[LGH�SUR�
FHHGHG�WR�ORDG�WKH�VLPXODQW�ZLWK�JDV���7KH�VSDUJLQJ�H[SHULPHQW�ZDV�WKHQ�SHUIRUPHG�RQ�VLPXODQW�ORDGHG�
ZLWK�JDV�WKDW�KDG�GHYHORSHG�D�VKHDU�VWUHQJWK�GXH�WR�UHPDLQLQJ�XQGLVWXUEHG�IRU�VHYHUDO�KRXUV���7KHVH�
UHVXOWV�DUH�VKRZQ�LQ�)LJXUH�����DQG�LQGLFDWH�D�VLJQLILFDQW�GHFUHDVH�LQ�=2,�GLDPHWHU�GXULQJ�WKHVH�WHVWV����
�
7KH�52%�GLDPHWHU�DSSHDUV�XQDIIHFWHG�E\�WKH�SUHVHQFH�RI�JDV���3RWHQWLDO�IDFWRUV�WKDW�LQIOXHQFH�WKH�
PHDVXUHG�=2,�GLDPHWHU�ZHUH�WKH�SUHVHQFH�RI�JDV�LQ�WKH�V\VWHP�DW�VWDUWXS�DQG�LQFUHDVLQJ�VKHDU�VWUHQJWK�
GXH�WR�JHODWLRQ�RI�WKH�VOXUU\�DV�LW�VDW�XQGLVWXUEHG��1RQHWKHOHVV��WKLV�WHVW�LOOXVWUDWHV�WKDW�DFWXDO�VSDUJHU�
SHUIRUPDQFH�LQ�WKH�:73�ZLOO�EH�DIIHFWHG�E\�OHWWLQJ�WKH�ZDVWH�UHPDLQ�XQGLVWXUEHG�IRU�SHULRGV�RI�WLPH��
DOORZLQJ�IRU�LQFUHDVLQJ�UKHRORJLFDO�SDUDPHWHUV�DQG�JDV�KROGXS���6WDUWXS�SURFHGXUHV�WR�UHFRYHU�IURP�WKHVH�
VFHQDULRV�VKRXOG�EH�FRQVLGHUHG�WR�HQVXUH�VXFFHVVIXO�RSHUDWLRQ�RI�WKH�:73���
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���� 'HVFULSWLRQ�RI�6HOHFWHG�3UHWUHDWPHQW�)DFLOLW\�'HVLJQV�
�
7KH�3-0�FOXVWHU�FRQILJXUDWLRQ�FRQFHSW��WKDW�LV��RQH�FHQWUDO�SXOVH�WXEH�ZLWK�WKH�UHPDLQLQJ�SXOVH�WXEHV�
FOXVWHUHG�DURXQG�WKH�FHQWUDO�WXEH��ZDV�FKRVHQ�IRU�ERWK�WKH�8)3�DQG�/6�YHVVHOV���7KLV�FRQILJXUDWLRQ�
SURYLGHV�D�PL[HG�WXUEXOHQW�FDYHUQ�LQ�WKH�ERWWRP�RI�WKH�YHVVHO�WKDW�VXVSHQGV�ZDVWH�SDUWLFOHV�DQG�LV�
VFDODEOH���6XSSOHPHQWDO�PL[LQJ�XVHG�WR�PL[�WKH�XSSHU�SRUWLRQ�RI�WKH�YHVVHOV�UHOLHV�RQ�UHFLUFXODWLRQ�
SXPSV�RU�VSDUJHUV���7KLV�VHFWLRQ�GHVFULEHV�WKDW�SURFHVV��
�
���� 8OWUDILOWUDWLRQ�)HHG�3URFHVV�9HVVHO��8)3�96/������$�%��
�
1RUPDO�RSHUDWLRQ��ZLWKRXW�OHDFKLQJ����8QGHU�QRUPDO�RSHUDWLRQ��ZLWKRXW�OHDFKLQJ���WKH�8)3�RSHUDWHV�DW�RU�
EHORZ�DQ�DVSHFW�UDWLR�RI�������7KH�DVSHFW�UDWLR��+�'��LV�GHILQHG�E\�WKH�OLTXLG�KHLJKW��+��GLYLGHG�E\�WKH�
YHVVHO�GLDPHWHU��'����$�FRPELQDWLRQ�RI�WKH�3-0V�DQG�D�UHFLUFXODWLRQ�MHW�ZLOO�SURYLGH�DGHTXDWH�PL[LQJ�XS�
WR�DQ�+�' ������7KH�UHFLUFXODWLRQ�SXPS�PXVW�SURYLGH������JSP�WR�WKH�MHW���7KH�MHW�LV�VL]HG�WR�SURYLGH�DQ�
H[LW�YHORFLW\�RI����IW�VHF���(DFK�3-0�SURYLGHV�DW�OHDVW�D����P�V�IORZ�GXULQJ�WKH�3-0�GULYH�F\FOH��
�
'XULQJ�WKLV�PRGH�RI�RSHUDWLRQ��WKH�VSDUJH�WXEHV�ZLOO�EH�UXQ�LQ�DQ�µLGOLQJ¶�DLU�IORZ�PRGH�XVLQJ�����WR�
����DFIP��a��VFIP��RI�DLU�SHU�VSDUJH�SRLQW���7KH�OD\RXW�RI�3-0V��VSDUJH�OLQHV��DQG�UHFLUFXODWLRQ�OLQHV�LV�
VKRZQ�LQ�)LJXUHV�����DQG������
�

�
)LJXUH�������8)3�96/������$�%�0L[LQJ�6\VWHP�/D\RXW�±�3ODQ�9LHZ�
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�
)LJXUH�������8)3�96/������$�%�0L[LQJ�6\VWHP�/D\RXW�±�(OHYDWLRQ�9LHZ�

�
1RUPDO�RSHUDWLRQ��ZLWK�OHDFKLQJ����:KHQ�OHDFKLQJ�LV�UHTXLUHG��WKH�OLTXLG�+�'�LV�DERYH������WKH�SXPS�LV�
RII��DQG�WKH�DLU�VSDUJH�V\VWHP�PXVW�EH�XVHG�WR�SURYLGH�PL[LQJ���9DULHWLHV�RI�VSDUJH�WXEH�OD\RXWV�ZHUH�
FRQVLGHUHG�IRU�XVH���7KH�FRQILJXUDWLRQ�SUHVHQWHG�LQ�WKLV�GRFXPHQW�ZDV�FKRVHQ�E\�:73�(QJLQHHULQJ�WR�
PLQLPL]H�LPSDFW�ZLWK�FRQVLGHUDWLRQ�WR�WRWDO�DLU�UHTXLUHPHQW�DQG�WRWDO�QXPEHU�RI�VSDUJH�OLQHV���7KH�
VHOHFWHG�FRQILJXUDWLRQ�LV�VKRZQ�LQ�)LJXUH�������+DWFKHG�FLUFOHV�RYHUODLG�LQ�WKH�SODQ�YLHZ�LQGLFDWH�WKH�VL]H�
RI�WKH�=2,�RI�HDFK�SDUWLFXODU�VSDUJH�WXEH�DW�WKH�IORZ�UDWHV�VSHFLILHG�LQ�WKH�DGMDFHQW�WDEOH��
�
7KH�EXEEOH�VL]H�DQG�UHVXOWLQJ�PL[LQJ�]RQH�LV�EDVHG�RQ�WKH�DLU�IORZ��LQ�DFIP��DW�WKH�VSDUJH�OLQH�H[LW���7KH�
UHTXLUHG�IORZ�UDWH�PHDVXUHG�LQ�VFIP�LV�EDVHG�RQ�WKH�OHYHO�DQG�GHQVLW\�RI�WKH�OLTXLG�LQ�WKH�YHVVHO���7KH�VFIP�
YDOXHV�LQ�)LJXUH�����DUH�EDVHG�RQ�WKH�RYHUIORZ�OHYHO�LQ�8)3�96������$�%�DQG�D�VOXUU\�VSHFLILF�JUDYLW\�RI�
������
�
3RVW�'%(�+LJK�/HYHOV���7KH�8)3�YHVVHO�XQGHU�SRVW�'%(�FRQGLWLRQV��RU�+�'�JUHDWHU�WKDQ������UHTXLUHV�
RSHUDWLRQ�RI�3-0V�DQG�IXOO�VSDUJLQJ��
�
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�
)LJXUH�������6SDUJH�$LU�5HTXLUHPHQWV�DQG�5HVXOWLQJ�=2,V�±�8)3�96/������$�%�

�
3-0�'HWDLOV���7KH�FHQWUDO�3-0�KDV�D�GRZQZDUG�SRLQWLQJ���LQFK�QR]]OH�WKDW�LV�����QR]]OH�GLDPHWHUV�
���LQFKHV��RII�WKH�ERWWRP�RI�WKH�YHVVHO���7KH�RXWHU�ILYH�3-0V�DUH�ORFDWHG�RQ�D�SLWFK�FLUFOH�GLDPHWHU��3&'��
RI����LQFKHV���$OO�RI�WKHLU�H[LW�QR]]OHV�DUH�SRLQWHG�RXWZDUG�WRZDUG�WKH�YHVVHO�VLGHZDOO�DW����GHJUHHV��WKH�
QR]]OH�RSHQLQJV�DUH�DOVR���LQFKHV�DQG�DUH���LQFKHV�RII�WKH�ERWWRP�RI�WKH�YHVVHO���(OHYDWLRQ�YLHZV�RI�WKH�
SXOVH�WXEHV�DUH�VKRZQ�LQ�)LJXUHV�����DQG�����ZLWK�WKH�RXWHU�SXOVH�WXEH�QR]]OH�GHWDLO�VKRZQ�LQ�)LJXUH������
�
6SDUJH�/LQH�'HWDLOV���7KH�VSDUJH�OLQHV�DUH�DOO���LQFK�ZLWK�WKH�RXWHU�WZR�3&'�VSDUJHUV��L�H��������DQG�
����LQFK�3&'��DOO�DSSUR[LPDWHO\���LQFKHV�RII�WKH�ERWWRP�RI�WKH�YHVVHO���(DFK�RI�WKH�VSDUJHUV�RQ�D�VLQJOH�
3&'�LV�VSDFHG�VR�WKDW�WKH�DQJOH�EHWZHHQ�WKHP�LV�WKH�VDPH��H�J���IRU�D�3&'�VHW�RI�VSDUJHUV�HTXDO�WR����WKH�
VSDUJHUV�DUH�VSDFHG�HYHU\����GHJUHHV���1RQH�RI�WKH�H[LW�WXEH�ORFDWLRQV�DUH�QHDU�SXOVH�WXEH�QR]]OHV�RU�WKH�
UHFLUFXODWLRQ�SXPS�LQWDNH���7KH�VSDUJHUV�DERYH�WKH�SXOVH�WXEHV�DUH�DSSUR[LPDWHO\���LQFKHV�DERYH�WKH�WRS���
(OHYDWLRQ�YLHZV�RI�WKH�VSDUJHUV�DUH�VKRZQ�LQ�)LJXUHV�����DQG������
�
�
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��,'�
1R]]OH�VKRZQ�IRU�WKH�LQQHU�3-0�
6HH�QR]]OH�GHWDLO�IRU�WKH�ILYH�RXWHU
3-0V
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I L O [

�
)LJXUH�������3-0�'HWDLOV�±�8)3�96/������$�%�

�

�
)LJXUH�������2XWHU�3-0�1R]]OH�'HWDLO�±�8)3�96/������$�%�
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������ +/:�/DJ�6WRUDJH�9HVVHO��+/3�96/������$�%��
�
1RUPDO�2SHUDWLRQ���7KH�+/:�/6�YHVVHO�XQGHU�QRUPDO�RSHUDWLRQ�ZLOO�UHTXLUH�HLJKW�3-0V�DQG�D�
�����JSP�UHFLUFXODWLRQ�SXPS�ZLWK�RQH�LQWDNH�DQG�WZR�WHUPLQDWLQJ�QR]]OHV�FRQILJXUHG�WR�SURYLGH�DQ�H[LW�
YHORFLW\�RI����IW�VHF�WR�VXSSO\�WKH�UHTXLUHG�PL[LQJ���3-0�QR]]OH�YHORFLWLHV�PXVW�EH�DW�OHDVW����P�V�GXULQJ�
WKH�3-0�GULYH�F\FOH���8QGHU�QRUPDO�RSHUDWLRQ�WKH�VSDUJH�WXEHV�ZLOO�EH�UXQ�LQ�DQ�µLGOLQJ¶�DLU�IORZ�RQO\�
PRGH��XVLQJ����±����DFIP��a��VFIP��RI�DLU�SHU�VSDUJH�SRLQW���0L[LQJ�ZLWK�3-0V�DQG�UHFLUFXODWLRQ�MHWV�KDV�
EHHQ�WHVWHG�XS�WR�DQ�+�'�RI��������7KH�OD\RXW�RI�3-0V��VSDUJH�OLQHV��DQG�UHFLUFXODWLRQ�OLQHV�LV�VKRZQ�LQ�
)LJXUHV�����������DQG�������
�
3RVW�'%(�+LJK�/HYHOV���7KH�/6�YHVVHO�XQGHU�SRVW�'%(�FRQGLWLRQV��RU�DQ�+�'�JUHDWHU�WKDQ������UHTXLUHV�
RSHUDWLRQ�RI�3-0V�DQG�IXOO�VSDUJLQJ���9DULHWLHV�RI�VSDUJH�WXEH�OD\RXWV�ZHUH�FRQVLGHUHG�IRU�XVH���7KH�
FRQILJXUDWLRQ�SUHVHQWHG�LQ�WKLV�GRFXPHQW�ZDV�FKRVHQ�E\�:73�HQJLQHHULQJ�WR�PLQLPL]H�LPSDFW�ZLWK�
FRQVLGHUDWLRQ�WR�WRWDO�DLU�UHTXLUHPHQW�DQG�WRWDO�QXPEHU�RI�VSDUJH�OLQHV���7KH�VHOHFWHG�FRQILJXUDWLRQ�LV�
VKRZQ�LQ�)LJXUH�������+DWFKHG�FLUFOHV�RYHUODLG�LQ�WKH�SODQ�YLHZ�LQGLFDWH�WKH�VL]H�RI�WKH�=2,�RI�HDFK�
SDUWLFXODU�VSDUJH�WXEH�DW�WKH�IORZ�UDWHV�VSHFLILHG�LQ�WKH�DGMDFHQW�WDEOH���
�

�
�

)LJXUH�������+/3�96/������$�%�0L[LQJ�6\VWHP�/D\RXW�±�3ODQ�9LHZ�
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�
)LJXUH�������+/3�96/������$�%�0L[LQJ�6\VWHP�/D\RXW�±�(OHYDWLRQ�9LHZ�

�

�
)LJXUH�������+/3�96/������$�%��+/3�96/�������5HFLUFXODWLRQ�-HW�/D\RXW�±�3ODQ�9LHZ�
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�
)LJXUH�������6SDUJH�$LU�5HTXLUHPHQWV�DQG�5HVXOWLQJ�=RQHV�RI�,QIOXHQFH�±�+/3�96/������$�%�

�
7KH�EXEEOH�VL]H�DQG�UHVXOWLQJ�PL[LQJ�]RQH�DUH�EDVHG�RQ�WKH�DLU�IORZ�LQ�DFIP�DW�WKH�VSDUJH�OLQH�H[LW���7KH�
UHTXLUHG�IORZ�UDWH�PHDVXUHG�LQ�VFIP�LV�EDVHG�RQ�WKH�OHYHO�DQG�GHQVLW\�RI�WKH�OLTXLG�LQ�WKH�YHVVHO���7KH�VFIP�
YDOXHV�LQ�)LJXUH�����FDOFXODWHG�EDVHG�RQ�WKH�RYHUIORZ�OHYHO�LQ�+/3�96������$�%�DQG�D�VOXUU\�VSHFLILF�
JUDYLW\�RI�������
�
3-0�'HWDLOV���7KH�FHQWUDO�3-0�KDV�D�GRZQZDUG�SRLQWLQJ����LQFK�QR]]OH�WKDW�LV�����QR]]OH�GLDPHWHUV�
���LQFKHV��RII�WKH�ERWWRP�RI�WKH�YHVVHO���7KH�RXWHU�VHYHQ�3-0�DUH�ORFDWHG�RQ�D�3&'�RI�����LQFKHV���$OO�RI�
WKHLU�H[LW�QR]]OHV�DUH�SRLQWHG�RXWZDUG�WRZDUG�WKH�YHVVHO�VLGHZDOO�DW����GHJUHHV��WKH�QR]]OH�RSHQLQJV�DUH�
DOVR���LQFKHV�DQG�DUH���LQFKHV�RII�WKH�ERWWRP�RI�WKH�YHVVHO���(OHYDWLRQ�YLHZV�RI�WKH�SXOVH�WXEHV�DUH�VKRZQ�
LQ�)LJXUHV�����DQG�������WKH�RXWHU�SXOVH�WXEH�QR]]OH�GHWDLO�LV�VKRZQ�LQ�)LJXUH�������
�
�
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)LJXUH��������3-0�'HWDLOV�±�+/3�96/������$�%��+/3�96/�������
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�
)LJXUH��������2XWHU�3-0�1R]]OH�'HWDLO�±�+/3�96/������$�%��+/3�96/�������
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6SDUJH�'HWDLOV���7KH�VSDUJH�WXEHV�DUH�DOO���LQFK��WKH�RXWHU�WKUHH�VHWV�RI�3&'�VSDUJHUV��������������DQG�
����LQFK�3&'��DUH�DSSUR[LPDWHO\���LQFKHV�RII�WKH�ERWWRP�RI�WKH�YHVVHO���7KH�VSDUJHUV�RQ�D�VLQJOH�3&'�DUH�
VSDFHG�VR�WKH�DQJOH�EHWZHHQ�WKHP�LV�WKH�VDPH��H�J���LQ�D�3&'�VHW�HTXDO�WR����WKH�VSDUJHUV�DUH�VSDFHG�HYHU\�
���GHJUHHV���1RQH�RI�WKH�H[LW�WXEHV�DUH�QHDU�SXOVH�WXEH�QR]]OHV�RU�WKH�UHFLUFXODWLRQ�SXPS�LQWDNH���7KH�
VSDUJHUV�DERYH�WKH�SXOVH�WXEHV�DUH�DSSUR[LPDWHO\���LQFKHV�DERYH�WKH�WRS���(OHYDWLRQ�YLHZV�RI�WKH�VSDUJHUV�
DUH�VKRZQ�LQ�)LJXUHV�����DQG�������
�
������ +/:�%OHQG�9HVVHO��+/3�96/��������
�
$OWKRXJK�D�VFDOHG�SURWRW\SLF�WHVW�SODWIRUP�ZDV�QRW�WHVWHG��WKH�VFDOHG�WHVWLQJ�LQ�WKH�/6�SURWRW\SLF�SODWIRUP�
FDQ�EH�DSSOLHG�WR�WKH�EOHQG�YHVVHO��%9��EHFDXVH�WKH�JHRPHWU\�DQG�IOXLG�SURSHUWLHV�DUH�YHU\�VLPLODU��
�
1RUPDO�2SHUDWLRQ���7KH�+/:�%9�XQGHU�QRUPDO�RSHUDWLRQ�ZLOO�UHTXLUH�HLJKW�3-0V�DQG�D������JSP�
UHFLUFXODWLRQ�SXPS�ZLWK�RQH�LQWDNH�DQG�WZR�WHUPLQDWLQJ�QR]]OHV�FRQILJXUHG�WR�SURYLGH�DQ�H[LW�YHORFLW\�RI�
���IW�VHF�WR�VXSSO\�WKH�UHTXLUHG�PL[LQJ���3-0�QR]]OH�YHORFLWLHV�PXVW�EH�DW�OHDVW����P�VHF�GXULQJ�WKH�3-0�
GULYH�F\FOH���8QGHU�QRUPDO�RSHUDWLRQ�WKH�VSDUJH�WXEHV�ZLOO�EH�UXQ�LQ�DQ�LGOLQJ�DLU�IORZ�RQO\�PRGH��XVLQJ�
��������DFIP��a��VFIP��RI�DLU�SHU�VSDUJH�SRLQW���0L[LQJ�ZLWK�3-0V�DQG�UHFLUFXODWLRQ�MHWV�KDV�EHHQ�WHVWHG�
XS�WR�DQ�+�'�RI������LQ�/6���7KLV�OHYHO�VFDOHG�WR�WKH�%9�FRUUHVSRQGV�WR�DQ�+�'�RI�������ZKLFK�LV�PRUH�
FRQVHUYDWLYH�WKDW�XVLQJ�WKH�VDPH�+�'�DV�LQ�WKH�/6��DQG�LV�WKHUHIRUH�UHFRPPHQGHG���7KH�OD\RXW�RI�3-0V��
VSDUJH�OLQHV�DQG�UHFLUFXODWLRQ�OLQHV�LV�VKRZQ�LQ�)LJXUHV������������DQG�������
�

�
�

)LJXUH��������6SHFLILF�/RFDWLRQ�RI�6SDUJHUV�LQ�WKH�+/:�%9�$ORQJ�ZLWK�$LU�)ORZ�5HTXLUHPHQWV�
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3RVW�'%(�+LJK�/HYHOV���7KH�%9�XQGHU�SRVW�'%(�FRQGLWLRQV��RU�DQ�+�'�JUHDWHU�WKDQ�������UHTXLUHV�
RSHUDWLRQ�RI�3-0V�DQG�IXOO�VSDUJLQJ���9DULHWLHV�RI�VSDUJH�WXEH�OD\RXWV�ZHUH�FRQVLGHUHG�IRU�XVH���7KH�
FRQILJXUDWLRQ�SUHVHQWHG�LQ�WKLV�GRFXPHQW�ZDV�FKRVHQ�E\�:73�HQJLQHHULQJ�WR�PLQLPL]H�LPSDFW�ZLWK�
FRQVLGHUDWLRQ�WR�WRWDO�DLU�UHTXLUHPHQW�DQG�WRWDO�QXPEHU�RI�VSDUJH�OLQHV���7KH�VHOHFWHG�FRQILJXUDWLRQ�LV�
VKRZQ�LQ�)LJXUH��������+DWFKHG�FLUFOHV�RYHUODLG�LQ�WKH�SODQ�YLHZ�LQGLFDWH�WKH�VL]H�RI�WKH�=2,�RI�HDFK�
SDUWLFXODU�VSDUJH�WXEH�DW�WKH�IORZ�UDWHV�VSHFLILHG�LQ�WKH�DGMDFHQW�WDEOH���
�
7KH�EXEEOH�VL]H�DQG�UHVXOWLQJ�PL[LQJ�]RQH�LV�EDVHG�RQ�WKH�DLU�IORZ�LQ�DFIP�DW�WKH�VSDUJH�OLQH�H[LW���7KH�
UHTXLUHG�IORZ�UDWH�PHDVXUHG�LQ�VFIP�LV�EDVHG�RQ�WKH�OHYHO�DQG�GHQVLW\�RI�WKH�OLTXLG�LQ�WKH�YHVVHO���7KH�VFIP�
YDOXHV�LQ�)LJXUH������FDOFXODWHG�EDVHG�RQ�WKH�RYHUIORZ�OHYHO�LQ�+/3�96�������DQG�D�VOXUU\�VSHFLILF�
JUDYLW\�RI�������

�

�
)LJXUH��������1XPEHU�DQG�/RFDWLRQ�RI�6SDUJHUV�LQ�WKH�+/:�%9�$ORQJ�ZLWK�$LU�)ORZ�5HTXLUHPHQWV��
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3-0�'HWDLOV���7KH�FHQWUDO�3-0�KDV�D�GRZQZDUG�SRLQWLQJ����LQFK�QR]]OH�WKDW�LV�����QR]]OH�GLDPHWHUV�RU�
��LQFKHV�RII�WKH�ERWWRP�RI�WKH�YHVVHO���7KH�RXWHU�VHYHQ�3-0�DUH�ORFDWHG�RQ�D�3&'�RI�����LQFKHV���$OO�RI�
WKH�H[LW�QR]]OHV�DUH�SRLQWHG�RXWZDUG�WRZDUG�WKH�YHVVHO�VLGHZDOO�DW����GHJUHHV��WKH�QR]]OH�RSHQLQJV�DUH�
��LQFKHV�LQ�GLDPHWHU�DQG���LQFKHV�RII�WKH�ERWWRP�RI�WKH�YHVVHO���(OHYDWLRQ�YLHZV�RI�WKH�SXOVH�WXEHV�DUH�
VKRZQ�LQ�)LJXUHV�����DQG������ZLWK�WKH�RXWHU�SXOVH�WXEH�QR]]OH�GHWDLO�VKRZQ�LQ�)LJXUH�������
�
6SDUJH�'HWDLOV���7KH�VSDUJH�WXEHV�DUH�DOO���LQFK�ZLWK�WKH�RXWHU�WKUHH�VHWV�RI�3&'�VSDUJHUV��������������DQG�
����LQFK�3&'��DOO�DSSUR[LPDWHO\���LQFKHV�RII�WKH�ERWWRP�RI�WKH�YHVVHO���$OO�RI�WKH�VSDUJHUV�RQ�D�VLQJOH�
3&'�DUH�VSDFHG�VR�WKDW�WKH�DQJOH�EHWZHHQ�WKHP�LV�WKH�VDPH��H�J���IRU�D�3&'�VHW�RI�VSDUJHUV�HTXDO�WR�����
WKH�VSDUJHUV�DUH�VSDFHG�HYHU\����GHJUHHV���1RQH�RI�WKH�H[LW�WXEH�ORFDWLRQV�DUH�QHDU�SXOVH�WXEH�QR]]OHV�RU�
WKH�UHFLUFXODWLRQ�SXPS�LQWDNH���7KH�VSDUJHUV�DERYH�WKH�SXOVH�WXEHV�DUH�DSSUR[LPDWHO\���LQFKHV�DERYH�WKH�
WRS���(OHYDWLRQ�YLHZV�RI�WKH�VSDUJHUV�DUH�VKRZQ�LQ�)LJXUHV�����DQG�������
�
�
�
�
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���� *DV�5HWHQWLRQ�DQG�5HOHDVH�LQ�6HOHFWHG�3URWRW\SH�9HVVHO�
&RQILJXUDWLRQV�

�
7KH�*5	5�DFWLYLW\�LV�IRFXVHG�RQ�GHYHORSLQJ�DQ�XQGHUVWDQGLQJ�RI�IODPPDEOH�JDV��H�J���K\GURJHQ��
UHWHQWLRQ�DQG�UHOHDVH�LQ�SXOVH�MHW�PL[HG�WDQNV�FRQWDLQLQJ�QRQ�1HZWRQLDQ�ZDVWHV���7HVWLQJ�WR�GDWH�LQFOXGHV�
EHQFK�VFDOH�GHYHORSPHQW�DFWLYLWLHV�DQG�H[SHULPHQWV�LQ�3-0�YHVVHOV�FRYHULQJ�D�UDQJH�RI�FRQILJXUDWLRQV�
DQG�VFDOHV��DOO�XVLQJ�QRQ�1HZWRQLDQ�ZDVWH�VLPXODQW���6HYHUDO�WHVWV�KDYH�EHHQ�FRQGXFWHG�WR�DVVHVV�WKH�
YROXPH�IUDFWLRQ�RI�JDV�UHWDLQHG�LQ�VLPXODQW�GXULQJ�FRQWLQXRXV�JDV�JHQHUDWLRQ�DQG�VWHDG\�VWDWH�3-0�
RSHUDWLRQ��L�H���JDV�KROGXS�WHVWV���DQG�WKH�JDV�UHOHDVH�FKDUDFWHULVWLFV��YROXPH�DQG�UDWH��DIWHU�WKH�UHVWDUW�RI�
PL[LQJ�IROORZLQJ�D�VWRSSDJH��L�H���JDV�UHOHDVH�WHVWV����7KH�IROORZLQJ�VXPPDUL]HV�NDROLQ�EHQWRQLWH�FOD\�
VLPXODQW�JDV�KROGXS�DQG�JDV�UHOHDVH�WHVWV�FRPSOHWHG�LQ�WKH�8)3�DQG�ODJ�VWRUDJH�SURWRW\SH�YHVVHOV�XVLQJ�
QHDU�ILQDO�GHVLJQ�FRQILJXUDWLRQV�DQG�RSHUDWLQJ�FRQGLWLRQV���7KH�EDVLV�IRU�VFDOH�XS�RI�WKH�*5	5�UHVXOWV�LV�
QRW�IXOO\�UHYLHZHG�DQG�FRXOG�QRW�EH�LQFOXGHG�LQ�WKLV�GRFXPHQW��
�
���� 3ULQFLSOH�DQG�$SSURDFK�
�
7R�DVVHVV�JDV�KROGXS�DQG�JDV�UHOHDVH�LQ�3-0�WDQNV��JDV�EXEEOHV�DUH�JHQHUDWHG�LQ�VLWX�LQ�WKH�VLPXODQW���7KH�
JDV�EXEEOH�JHQHUDWLRQ�WHFKQLTXH�LV�EDVHG�RQ�WKH�GHFRPSRVLWLRQ�RI�K\GURJHQ�SHUR[LGH��+�2���RQ�FDWDO\WLF�
VXUIDFHV�DFFRUGLQJ�WR�WKH�IROORZLQJ�UHDFWLRQ��
�
� � � � �+�2�� ��+�2���2�� ������
�
2QFH�VXIILFLHQW�+�2��KDV�GHFRPSRVHG�WR�VXSHUVDWXUDWH�WKH�VLPXODQW�LQ�2���EXEEOHV�QXFOHDWH�DQG�H[LVWLQJ�
EXEEOHV�JURZ���)XUWKHU�GHFRPSRVLWLRQ�RI�+�2��OHDGV�WR�DGGLWLRQDO�EXEEOH�QXFOHDWLRQ�DQG�RU�EXEEOH�JURZWK�
DV�2��GLIIXVHV�WKURXJK�WKH�VLPXODQW�WR�WKH�EXEEOHV���*HQHUDWHG�JDV�ZLOO�EH�UHWDLQHG�RU�UHOHDVHG�GHSHQGLQJ�
RQ�PDQ\�IDFWRUV��LQFOXGLQJ�WKH�GHJUHH�RI�PL[LQJ�LQ�WKH�V\VWHP��WKH�UHWDLQHG�JDV�YROXPH�IUDFWLRQ��WKH�VL]H�
RI�EXEEOHV��DQG�VLPXODQW�UKHRORJ\��
�
,Q�JDV�KROGXS�WHVWV��+�2��VROXWLRQ�LV�DGGHG�FRQWLQXRXVO\�IRU�D�SHULRG�RI�WLPH�ZKLOH�WKH�3-0�V\VWHP�LV�
RSHUDWHG�QRUPDOO\�WR�HVWDEOLVK�D�FRQVWDQW�JDV�JHQHUDWLRQ�UDWH���$W�VWHDG\�VWDWH��WKH�UDWH�RI�JDV�JHQHUDWLRQ�
HTXDOV�WKH�JDV�UHOHDVH�UDWH��H�J���IURP�EXEEOHV�PLJUDWLQJ�WR�WKH�VXUIDFH���DQG�WKH�VWHDG\�VWDWH�JDV�YROXPH�
IUDFWLRQ�LV�WHUPHG�WKH�JDV�KROGXS���,Q�JDV�UHOHDVH�WHVWV��WKH�PL[LQJ�V\VWHP�LV�VKXW�GRZQ�DIWHU�DQ�DPRXQW�RI�
+�2��VROXWLRQ�LV�DGGHG�WR�DOORZ�JDV�EXEEOHV�WR�EH�UHWDLQHG�LQ�WKH�TXLHVFHQW�VLPXODQW���7KH�UHOHDVH�RI�JDV�
XSRQ�UHVWDUW�RI�WKH�PL[LQJ�V\VWHP�LV�WUDFNHG�WR�DVVHVV�JDV�UHOHDVH�YROXPHV�DQG�UDWHV����
�
7KH�SULPDU\�GDWD�REWDLQHG�LQ�JDV�KROGXS�DQG�JDV�UHOHDVH�WHVWV�DUH�RQ�WKH�VLPXODQW�VXUIDFH�OHYHO�DV�D�
IXQFWLRQ�RI�WLPH���7KURXJK�LQGHSHQGHQWO\�HVWDEOLVKHG�FRUUHODWLRQV��WKH�OHYHO�PHDVXUHPHQWV�DUH�XVHG�WR�
FDOFXODWH�UHWDLQHG�JDV�YROXPH�DQG�JDV�YROXPH�IUDFWLRQV���7KH�JDV�YROXPH�IUDFWLRQ� �UHIHUHQFHG�WR�WKH�
LQLWLDO�VLPXODQW�YROXPH�LV�GHILQHG�DV�
�
� � � �
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ZKHUH�9JDV�LV�WKH�YROXPH�RI�UHWDLQHG�JDV��H�J���2��EXEEOHV���DQG�WKH�WRWDO�LQLWLDO�VOXUU\�YROXPH�9R�LQFOXGHV�
WKH�EXEEOH�IUHH�VLPXODQW�YROXPH�9VLP�DQG�WKH�YROXPH�RI�+�2��VROXWLRQ�9VRO���,Q�PDQ\�FDVHV�9VRO�LV�QHJOL�
JLEOH�FRPSDUHG�ZLWK�WKH�ODUJH�YROXPH�RI�JDV�IUHH�VLPXODQW���+RZHYHU��LQ�JDV�KROGXS�H[SHULPHQWV�ZKHUH�
+�2��VROXWLRQ�LV�DGGHG�FRQWLQXRXVO\�IRU�DQ�H[WHQGHG�SHULRG�RI�WLPH��D�FRUUHFWLRQ�LV�PDGH�IRU�WKH�DGGHG�
VROXWLRQ�YROXPH��
�
$FFRUGLQJ�WR�WKH�H[SHFWHG�UHDFWLRQ�VWRLFKLRPHWU\��VKRZQ�LQ�(TXDWLRQ�������WZR�PROHV�RI�+�2��GHFRPSRVH�
WR�SURGXFH���PROH�RI�2��DQG���PROHV�RI�+�2���8VLQJ�WKLV�UHODWLRQVKLS��WKH�QRPLQDO�+�2��VROXWLRQ�FRQFHQ�
WUDWLRQ�����ZW����DQG�LGHDO�JDV�ODZ�FRQVLGHUDWLRQV��WKH�HTXLYDOHQW�YROXPHWULF�UDWH�RI�2��JDV�JHQHUDWLRQ�
FDQ�EH�GHWHUPLQHG�IRU�D�JLYHQ�UDWH�RI�+�2��GHFRPSRVLWLRQ���$VVXPLQJ�LQVWDQWDQHRXV�+�2��GHFRPSRVLWLRQ�
RU�D�VWHDG\�SURFHVV�ZKHUH�D�VWHDG\�VWDWH�FRQFHQWUDWLRQ�RI�+�2��LV�HVWDEOLVKHG�LQ�WKH�VOXUU\��2��JDV�LV�
JHQHUDWHG�DW�D�UDWH�HTXLYDOHQW�WR�+�2��LQWURGXFWLRQ���7KH�ODWWHU�LV�DVVXPHG�WR�RFFXU�LQ�JDV�KROGXS�H[SHUL�
PHQWV��DQG�UHSRUWHG�VWHDG\�VWDWH�YROXPHWULF�JDV�JHQHUDWLRQ�UDWHV��DW����&�DQG���DWP��DUH�FDOFXODWHG�IURP�
PHDVXUHG�+�2��LQMHFWLRQ�UDWHV���1RUPDOL]LQJ�WKH�JDV�YROXPH�JHQHUDWLRQ�UDWH�E\�WKH�YROXPH�RI�VLPXODQW�LQ�
WKH�YHVVHO�JLYHV�WKH�VSHFLILF�YROXPHWULF�JDV�JHQHUDWLRQ�UDWH��YROXPH�RI�2��JDV�YROXPH�RI�VLPXODQW�WLPH���
�
���� *DV�+ROGXS�LQ�1RUPDO�2SHUDWLRQV�
�
7KLV�VHFWLRQ�GHPRQVWUDWHV�WKDW�JDV�LV�UHOHDVHG�UHJXODUO\�DQG�FRQWUROODEO\�LQ�QRUPDO�RSHUDWLRQ�RI�WKH�/6�
DQG�8)3�SURWRW\SH�V\VWHPV��UHVXOWLQJ�LQ�UHODWLYHO\�ORZ�JDV�KROGXS���)LJXUH�����SORWV�WKH�PHDVXUHG�JDV�
YROXPH�IUDFWLRQ�DV�D�IXQFWLRQ�RI�WLPH�GXULQJ�DQG�DIWHU�D�JDV�KROGXS�WHVW�LQ�WKH�/6�VFDOHG�SURWRW\SH�
�6HTXHQFH�������$W�HODSVHG�WLPH����D�K\GURJHQ�SHUR[LGH�DGGLWLRQ�UDWH�ZDV�HVWDEOLVKHG�WR�SURYLGH�DQ�
HIIHFWLYH�2��JDV�JHQHUDWLRQ�UDWH�RI������YRO��PLQ��QRUPDOL]HG�WR�DWPRVSKHULF�SUHVVXUH�DQG����&����7KH�
VSHFLILF�JDV�JHQHUDWLRQ�UDWHV�XVHG�LQ�WKH�SURWRW\SH�H[SHULPHQWV�H[FHHG�WKH�H[SHFWHG�PD[LPXP�DFWXDO��
�
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)LJXUH�������*DV�)UDFWLRQ�DV�D�)XQFWLRQ�RI�7LPH�'XULQJ�DQG�$IWHU�D�*DV�+ROGXS�7HVW�LQ�WKH�$3(/�/6�

3URWRW\SH��6HTXHQFH�������(YHQWV�DUH�PDUNHG�RQ�WKH�SORW�E\�YHUWLFDO�OLQHV��
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ZDVWH�JDV�JHQHUDWLRQ�UDWHV��H�J�������YRO��GD\��E\�D�IDFWRU�RI�a����RU�PRUH���6HFWLRQ�����FRQWDLQV�
DGGLWLRQDO�H[SHULPHQWDO�GHWDLOV��
�
$�VWHDG\�VWDWH�JDV�IUDFWLRQ�RI�a����YRO��ZDV�DWWDLQHG�DIWHU�a���PLQXWHV���7KH�UDWH�RI�+�2��DGGLWLRQ�ZDV�
LQFUHDVHG�WR�DQ�HIIHFWLYH�JDV�JHQHUDWLRQ�UDWH�RI������YRO��PLQ�DIWHU�a���PLQXWHV��DQG�D�VHFRQG�VWHDG\�
VWDWH�JDV�KROGXS�RI�����YRO��ZDV�PHDVXUHG�DIWHU�a����PLQXWHV���7KH�DYHUDJH�JDV�KROGXS�YDOXHV�LQ�WKH�ODVW�
���PLQXWHV�RI�+�2��LQMHFWLRQ�DW�HDFK�UDWH�DUH�WDEXODWHG�LQ�7DEOH�������7KH�WDEOH�DOVR�VKRZV�WKH�VWDQGDUG�
GHYLDWLRQ�RI�WKH�UHVXOWV��RQH�YDOXH�SHU�SXOVH�F\FOH��DV�VKRZQ�LQ�)LJXUH���������
�
$V�ZRXOG�EH�H[SHFWHG�IRU�D�ZHOO�PL[HG�V\VWHP��WKH�PHDVXUHG�JDV�KROGXS�LQ�ODJ�VWRUDJH�LQFUHDVHG�ZLWK�
LQFUHDVLQJ�JDV�JHQHUDWLRQ��+�2��DGGLWLRQ��UDWH��D���)LJXUH�����DQG�7DEOH�����VXPPDUL]H�WKH�JDV�KROGXS�
H[SHULPHQWDO�UHVXOWV�IRU�WKH�WZR�8)3�SURWRW\SH�WHVW�VHTXHQFHV����DQG������$�VLQJOH�UHODWLYHO\�KLJK�
HTXLYDOHQW�JDV�JHQHUDWLRQ�UDWH�ZDV�XVHG�LQ�WKHVH�WHVWV������WR�����YRO��PLQ�����
�
7DEOH�������6XPPDU\�RI�*DV�+ROGXS�LQ�WKH�/6�9HVVHO��6HTXHQFH�������3-0�FOXVWHU�ZLWK�������SOXV�RQH�

YHUWLFDO�QR]]OHV�DW�a���P�V����QR]]OH�UHFLUFXODWLRQ�DW�a����JSP�������+�'���
%LQJKDP�SODVWLF�UKHRORJ\��������3D�\LHOG�VWUHVV��������F3�FRQVLVWHQF\��

([SHULPHQWDO�*DV�
*HQHUDWLRQ�5DWH�

�YRO��PLQ��

0HDVXUHG�*DV�
+ROGXS�6WDQGDUG�'HYLDWLRQ��

�YRO���
����� ����������
����� ��������
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(ODSVHG�7LPH��PLQ�

*D
V�)

UDF
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O�
�

6HT����������+�'
6HT����������+�'

+�2��
$GGLWLRQ�
6WDUWHG

�
)LJXUH�������*DV�+ROGXS�7HVW�5HVXOWV�LQ�$3(/�83)�3URWRW\SH�8VLQJ�7ZR�6HWV�RI�2SHUDWLQJ�&RQGLWLRQV���

���6HT�����a����+�'����3-0V���UHFLUFXODWLRQ�SXPS��DQG����6HT�����a����+�'����3-0V�����VSDUJHU��
������������������������������������������������������
�D�� � 6FDOLQJ� DUJXPHQWV� �QRW� UHSRUWHG�� VXJJHVW� WKH� KROGXS� JDV� IUDFWLRQ� VKRXOG� EH� SURSRUWLRQDO� WR� WKH� VSHFLILF� JDV�
JHQHUDWLRQ�UDWH�DQG�WKH�YHVVHO�VFDOH�IDFWRU��H�J���UHODWLYH�KHLJKW�IRU�JHRPHWULFDOO\�VFDOHG�YHVVHOV���
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7DEOH�������6XPPDU\�RI�*DV�+ROGXS�LQ�8)3�9HVVHO��%LQJKDP�SODVWLF�UKHRORJ\���
������3D�\LHOG�VWUHVV��������F3�FRQVLVWHQF\��

&RQILJXUDWLRQ�
([SHULPHQWDO�*DV�
*HQHUDWLRQ�5DWH�

�YRO��PLQ��

0HDVXUHG�*DV�
+ROGXS�6WDQGDUG�'HYLDWLRQ��

�YRO���
6HTXHQFH���������+�'����3-0V���
UHFLUFXODWLRQ�SXPS�DW�a���JSP� ����� ��������

6HTXHQFH���������+�'����3-0V�����
VSDUJH�WXEH�DW�a��FIP� ����� ��������

�
���� *DV�5HOHDVH�DIWHU�0L[LQJ�6\VWHP�5HVWDUW�
�
'XULQJ�D�VKXWGRZQ�LQ�ZKLFK�WKH�DLU�VXSSO\�WR�3-0V�DQG�VSDUJHUV�LV�LQWHUUXSWHG�DQG�UHFLUFXODWLRQ�SXPSV�
DUH�LGOHG��JHQHUDWHG�JDV�LV�H[SHFWHG�WR�DFFXPXODWH�LQ�WKH�TXLHVFHQW�ZDVWH���,Q�WKH�H[WUHPH��DOO�JDV�
JHQHUDWHG�GXULQJ�WKH�RXWDJH�ZLOO�EH�UHWDLQHG�LQ�WKH�ZDVWH�VOXUU\���8SRQ�UHVWDUW�RI�WKH�PL[LQJ�DSSDUDWXV��
DFFXPXODWHG�JDV�LV�OLNHO\�WR�EH�UHOHDVHG���7KH�UHOHDVH�UDWH�LV�GHSHQGHQW�RQ�PDQ\�IDFWRUV�LQFOXGLQJ�ZDVWH�
UKHRORJ\�DQG�PL[LQJ�HQHUJ\���([DPSOHV�RI�JDV�UHOHDVH�IURP�JHOOHG�FOD\�UHVXOWLQJ�IURP�WKH�UHVWDUW�RI�3-0V�
DQG�VSDUJHUV�LQ�WKH�/6�DQG�8)3�SURWRW\SHV�DUH�SURYLGHG�EHORZ���,Q�HDFK�RI�WKHVH�WHVWV�WKH�FOD\�UKHRORJ\�
H[FHHGHG�WKH�XSSHU�ERXQGLQJ�%LQJKDP�SODVWLF�\LHOG�VWUHVV��!���3D����%DVHG�RQ�SUHOLPLQDU\�PDWUL[�
H[SHULPHQWV�FRQGXFWHG�LQ�WKH�$3(/��3-0�V\VWHP��JDV�UHOHDVH�UDWHV�PD\�EH�IDVWHU�DV�WKH�VLPXODQW�RU�
ZDVWH�VOXUU\�LV�WKLQQHG��ORZHU�UKHRORJLFDO�SDUDPHWHUV�����
�
)LJXUH�����VKRZV�WKH�UHVXOWV�RI�WZR�JDV�UHOHDVH�WHVWV�LQ�WKH�/6�SURWRW\SH���,Q�WKH�³RYHUQLJKW�JURZWK´�WHVW��
+�2��ZDV�LQWURGXFHG�WKH�GD\�EHIRUH�WKH�UHOHDVH�EHJDQ��DQG�LQ�WKH�³���PLQ�JURZWK´�WHVW��WKH�UHOHDVH�
H[SHULPHQW�ZDV�VWDUWHG�VKRUWO\�DIWHU�D�SUHFHGLQJ�JDV�KROGXS�WHVW���7KH�ILJXUH�LQGLFDWHV�UHODWLYHO\�UDSLG�
LQLWLDO�JDV�UHOHDVH�LQ�ERWK�H[SHULPHQWV���1HDUO\�FRPSOHWH�JDV�UHOHDVH�ZDV�REWDLQHG�DIWHU�a���PLQXWHV�
�a���SXOVHV�DW����V�SXOVH�F\FOH��LQ�WKH�RYHUQLJKW�JURZWK�WHVW�ZLWK�DQ�LQLWLDO�JDV�YROXPH�IUDFWLRQ�RI�
a����YRO����6WDUWLQJ�DW�D�VRPHZKDW�KLJKHU�LQLWLDO�JDV�IUDFWLRQ��a����YRO����JDV�ZDV�UHOHDVHG�WR�D�UHWDLQHG�
JDV�YROXPH�IUDFWLRQ�RI�a����YRO��LQ����PLQ�LQ�WKH�³���PLQ�JURZWK´�H[SHULPHQW��DIWHU�ZKLFK�WKH�JDV�
IUDFWLRQ�GHFUHDVHG�VORZO\�LQ�WLPH���,Q�JHQHUDO��WKH�FKDUDFWHULVWLFV�RI�WKH�LQLWLDO�JDV�UHOHDVH�SURILOHV��H�J���
H[SRQHQWLDO�GHFD\��LQ�WKH�WZR�H[SHULPHQWV�DUH�VLPLODU���+RZHYHU��DV�QRWHG�DERYH��WKH�JDV�UHOHDVH�UDWH�
GHFD\HG�VLJQLILFDQWO\�LQ�WKH�³���PLQ�JURZWK´�FDVH�EHIRUH�WKH�UHWDLQHG�JDV�ZDV�IXOO\�UHOHDVHG���
�
'LIIHUHQFHV�LQ�JDV�UHOHDVH�FKDUDFWHULVWLFV�VKRZQ�LQ�)LJXUH�����DUH�QRW�IXOO\�H[SODLQHG�DW�WKLV�SRLQW���6HYHUDO�
FRQWULEXWLQJ�IDFWRUV�DUH�XQGHU�FRQVLGHUDWLRQ������GLIIHUHQFHV�LQ�FRLQFLGHQWDO�JDV�JHQHUDWLRQ�GXH�WR�UHVLGXDO�
+�2��GHFRPSRVLWLRQ�����GLIIHUHQFHV�LQ�VLPXODQW�UKHRORJLFDO�SURSHUWLHV��H�J���VWUHQJWK��GXH�WR�JHO�WLPH��
DJLQJ�HIIHFWV��DQG�RWKHU�IDFWRUV��H�J���LQLWLDO�JDV�IUDFWLRQ������GLIIHUHQFHV�LQ�QRPLQDO�EXEEOH�VL]H��ZKLFK�
PD\�EH�D�IXQFWLRQ�RI�DJLQJ��EXEEOH�ULSHQLQJ���LQLWLDO�JDV�IUDFWLRQ��DQG�UDWH�RI�QXFOHDWLRQ��D�IXQFWLRQ�RI�
+�2��FRQFHQWUDWLRQ�GXULQJ�EXEEOH�IRUPDWLRQ������GLIIHUHQFHV�LQ�LQLWLDO�JDV�IUDFWLRQ��ZKLFK�PD\�PDNH�
FHUWDLQ�UHJLRQV�RI�WKH�WDQN�PRUH�GLIILFXOW�WR�PL[�GXH�WR�EXR\DQF\�HIIHFWV�����OHYHO�VHQVRUV�WKDW�GR�QRW�
PHDVXUH�WDQN�OHYHO�RYHU�WKH�HQWLUH�VXUIDFH�DQG�WKHUHIRUH�GR�QRW�UHSUHVHQW�WKH�WRWDO�DYHUDJH�JDV�IUDFWLRQ�
�QRWH��KRZHYHU��WKDW�WKH�VHQVRU�SRVLWLRQV�ZHUH�QRW�FKDQJHG�VLJQLILFDQWO\�EHWZHHQ�WHVWV���DQG����RWKHU�
XQDFFRXQWHG�GLIIHUHQFHV�LQ�H[SHULPHQWDO�YDULDEOHV�VXFK�DV�VSDUJHU�IORZ�UDWH��H�J���QR�LQGLYLGXDO�SUHVVXUH�
JDXJHV�DYDLODEOH�RQ�VSDUJH�WXEHV�LQ�WKH�RYHUQLJKW�JURZWK�WHVW��DQG�LQLWLDO�VLPXODQW�GHSWK��a��FP�ORZHU�LQ�
WKH�RYHUQLJKW�JURZWK�WHVW���
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�6HTXHQFH�����HLJKW�3-0V���IRXU�VSDUJHUV���
�
$IWHU�D�QHDU�VWHDG\�VWDWH�JDV�IUDFWLRQ��a����YRO���ZDV�DFKLHYHG�LQ�WKH�³���PLQ��DJLQJ´�WHVW��WKH�/6�PL[LQJ�
V\VWHP�ZDV�VWRSSHG�WHPSRUDULO\�DQG�UHVWDUWHG�XVLQJ�HLJKW��LQVWHDG�RI�IRXU��VSDUJH�WXEHV�DW�a��FIP�HDFK�IRU�
a���PLQ���7KHVH�GDWD�DUH�VKRZQ�DW�ORQJ�GXUDWLRQV�LQ�)LJXUH�������7KH�GDWD�LQGLFDWH�WKDW�UHWDLQHG�JDV�
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�
)LJXUH�������*DV�5HOHDVH�IURP�*HOOHG�&OD\�LQ�WKH�$3(/�/6�3URWRW\SH�6KRZLQJ�$GGLWLRQDO�*DV�5HOHDVH�

5HVXOWLQJ�IURP�2SHUDWLRQ�RI�(LJKW�6SDUJHUV��6HTXHQFH�������
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*DV�UHOHDVH�WHVWV�LQ�WKH�8)3�SURWRW\SHV�ZHUH�FRQGXFWHG�ZLWK�LQLWLDO�VLPXODQW�ORDGLQJ�WR�����DQG�����+�'���
7KH�UHVXOWV�DUH�VKRZQ�LQ�)LJXUHV�����DQG������UHVSHFWLYHO\���7KH�IRXU�3-0�WUL�IRLO�DQG�VLQJOH�FHQWUDO�VSDUJH�
WXEH��a��VFIP��FRQILJXUDWLRQ�ZDV�XVHG�LQ�HDFK�WHVW���$V�LQ�WKH�/6�WHVW��DGGLWLRQDO�JDV�ZDV�UHOHDVHG�LQ�VRPH�
WHVWV��H�J���6HTXHQFH����³a���PLQ��JURZWK´�VKRZQ�LQ�)LJXUH������E\�XVLQJ�PRUH�VSDUJHUV���+RZHYHU��
)LJXUHV�����DQG�����RQO\�VKRZ�WKH�UHVXOWV�IRU�WKH�VSHFLILHG�EDVHOLQH�VSDUJHU�RSHUDWLRQ��VLQJOH�VSDUJH�WXEH����
$W�D�JLYHQ�LQLWLDO�VLPXODQW�ORDGLQJ��+�'�YDOXH���WKH�LQLWLDO�JDV�UHOHDVH�SURILOHV��L�H���FKDQJH�LQ�JDV�IUDFWLRQ�
DV�D�IXQFWLRQ�RI�WLPH��DUH�FRQVLVWHQW�IRU�WKH�VKRUW�DQG�ORQJ�JURZWK�FDVHV���'LIIHUHQFHV�DW�ORQJHU�WLPHV��LI�
DQ\��PD\�EH�GXH�WR�IDFWRUV�LGHQWLILHG�DERYH�LQ�WKH�GLVFXVVLRQ�RI�/6�JDV�UHOHDVH�WHVWV��
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���� 5HIHUHQFHV�
�
$WLHPR�2EHQJ�9$��3�$UPHQDQWH��DQG�:5�3HQQH\����������³6ROLG�/LTXLG�0L[LQJ�´��+DQGERRN�RI�
,QGXVWULDO�0L[LQJ��&K������SS�����±������(/�3DXO��60�.UHVWD��DQG�9$�$WLHPR�2EHQJ��HGV����:LOH\�DQG�
6RQV��1HZ�<RUN���
�
%RQWKD�-5��-0�%DWHV��&:�(QGHUOLQ��DQG�0*�'RGVRQ����������/DUJH�7DQN�([SHULPHQWDO�'DWD�IRU�
9DOLGDWLRQ�RI�WKH�)OXHQW�&)'�0RGHO�RI�3XOVHG�-HW�0L[HUV��31:'�������%DWWHOOH�±�3DFLILF�1RUWKZHVW�
'LYLVLRQ��5LFKODQG��:$��
�
%URZQ�'$5��31�-RQHV��DQG�-&�0LGGOHWRQ����������³([SHULPHQWDO�0HWKRGV�´��+DQGERRN�RI�,QGXVWULDO�
0L[LQJ��&K�����SS�����±������(/�3DXO��60�.UHVWD��DQG�9$�$WLHPR�2EHQJ��HGV����:LOH\�DQG�6RQV��1HZ�
<RUN��
�
&&1���������³5KHRORJ\�'HVLJQ�%DVLV�IRU�QRQ�1HZWRQLDQ�7UHDWHG�:DVWH�´�1RYHPEHU�����������
�
&&1���������³5	7�5HVSRQVH�WR�(QJLQHHULQJ�5HYLHZ�RI�$=�����+/:�3UHWUHDWHG�6OXGJH�5KHRORJLFDO�
'DWD�DQG�5KHRORJLFDO�5HFRPPHQGDWLRQ�IRU�&RQVLGHUDWLRQ�´�2FWREHU�����������
�
&&1���������³+LJK�/HYHO�:DVWH�5KHRORJ\�LQ�WKH�:DVWH�7UHDWPHQW�3ODQW�´�)HEUXDU\�����������
�
3RORVNL�$����������7HFKQLFDO�%DVLV�IRU�+/:�9LWULILFDWLRQ�6WUHDP�3K\VLFDO�DQG�5KHRORJLFDO�3URSHUW\�
%RXQGLQJ�&RQGLWLRQV���:73�537�����5HY�����%DWWHOOH�±�3DFLILF�1RUWKZHVW�'LYLVLRQ��5LFKODQG��:$��
�
6SHHUV�5$��.5�+ROPH��0$�7XQJ��DQG�:7�:LOOLDPVRQ����������³'ULOOLQJ�IOXLG�VKHDU�VWUHVV�RYHUVKRRW�
EHKDYLRU�´��5KHRORJLFD�$FWD��9RO������SS�������������
�
=ZLHWHULQJ�71����������³6XVSHQGLQJ�RI�6ROLG�3DUWLFOHV�LQ�/LTXLGV�´��&KHP��(QJ��6FL���9RO�����S���������
�
�
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�
7HFKQLFDO�%DVLV�IRU�6FDOHG�7HVWLQJ�RI�:73�0L[LQJ�9HVVHOV�

ZLWK�1RQ�1HZWRQLDQ�6OXUULHV�
�
�
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$SSHQGL[�$�
�
7HFKQLFDO�%DVLV�IRU�6FDOHG�7HVWLQJ�RI�:73�0L[LQJ�9HVVHOV�

ZLWK�1RQ�1HZWRQLDQ�6OXUULHV�
�
$����,QWURGXFWLRQ�
�
6PDOO�VFDOH�WHVWLQJ�LV�D�FRPPRQ�DSSURDFK�XVHG�VXFFHVVIXOO\�LQ�WKH�PDQ\�YDULHG�ILHOGV�RI�DSSOLHG�IOXLG�
G\QDPLFV���7KH�VXFFHVV�RI�WKH�DSSURDFK�GHSHQGV�JUHDWO\�RQ�WKH�IDFW�WKDW�V\VWHP�SHUIRUPDQFH�GHSHQGV�RQ�
FHUWDLQ�QRQ�GLPHQVLRQDO�JURXSLQJV�RI�SK\VLFDO�SDUDPHWHUV���,I�WKHVH�SDUDPHWHU�JURXSLQJV�FDQ�EH�SUHVHUYHG�
DW�GLIIHUHQW�JHRPHWULF�VFDOHV��L�H���ODUJH�DQG�VPDOO���WKH�HVVHQWLDO�EHKDYLRU�RI�WKH�V\VWHP�ZLOO�EH�WKH�VDPH�DW�
ERWK�VFDOHV���7KLV�SULQFLSOH�LV�UHIHUUHG�WR�DV�VLPLODULW\�LQ�WKH�WKHRU\�RI�IOXLG�G\QDPLFV�HQJLQHHULQJ���/LPL�
WDWLRQV�RI�VFDOHG�WHVWLQJ�DUH�DWWULEXWHG�WR�WKH�LQDELOLW\�WR�PDWFK�LPSRUWDQW�QRQ�GLPHQVLRQDO�SDUDPHWHU�
JURXSLQJV�DW�ERWK�VFDOHV���,Q�FRPSOH[�IOXLG�G\QDPLF�SUREOHPV��WKHUH�FDQ�EH�PDQ\�QRQ�GLPHQVLRQDO�
SDUDPHWHU�JURXSV��KRZHYHU��RIWHQ�WKH�HVVHQWLDO�EHKDYLRU�RI�WKH�SKHQRPHQRQ�LV�GRPLQDWHG�E\�RQO\�D�IHZ�
NH\�JURXSV���,Q�WKLV�VLWXDWLRQ�VPDOO�VFDOH�WHVWLQJ�FDQ�SURGXFH�UHVXOWV�WKDW�DUH�YHU\�FORVH�WR�ODUJH�VFDOH�
EHKDYLRU��
�
7KLV�DSSHQGL[�SUHVHQWV�WKH�DSSURDFK�XVHG�WR�HVWDEOLVK�WKH�VFDODELOLW\�RI�WKH�VFDOHG�SURWRW\SLF�PL[LQJ�WHVWV���
6HFWLRQ�$���JLYHV�D�EULHI�LQWURGXFWLRQ�WR�WKH�EDVLFV�RI�SXOVH�MHW�PL[HU��3-0��RSHUDWLRQ���6HFWLRQ�$���JLYHV�
D�VXPPDU\�RI�WKH�LPSRUWDQW�SURSHUWLHV�DQG�SDUDPHWHUV�LQYROYHG�LQ�3-0�PL[LQJ�RI�QRQ�1HZWRQLDQ�
PDWHULDOV���6HFWLRQ�$���H[SODLQV�WKH�JHRPHWULF�VFDOLQJ�DSSURDFK�DQG�KRZ�YHORFLWLHV�DQG�WLPH�DUH�VFDOHG���
6HFWLRQ�$���GLVFXVVHV�WKH�LPSRUWDQW�QRQ�GLPHQVLRQDO�SDUDPHWHUV�ZKLFK��LGHDOO\��DUH�WR�EH�SUHVHUYHG�
GXULQJ�VFDOHG�WHVWLQJ���)LQDOO\��6HFWLRQ�$���VXPPDUL]HV�WKH�EDVLV�IRU�VFDOHG�WHVWLQJ���
�
$��� 3ULQFLSOHV�RI�3-0�2SHUDWLRQ�
�
$�VFKHPDWLF�RI�D�W\SLFDO�3-0�V\VWHP�LQ�D�YHVVHO�LV�VKRZQ�LQ�)LJXUH�$�����7KH�WDQN�KDV�GLDPHWHU���'7 ��
YROXPH���97 ��DQG�DQ�RSHUDWLQJ�OHYHO���+ ���7KHUH�DUH���1 �3-0V�LQ�WKH�WDQN��HDFK�ZLWK�GLDPHWHU���'37 DQG�
YROXPH���937 ���(DFK�3-0�KDV�D�FRQLFDO�QR]]OH�ZLWK�GLDPHWHU���G ����)RU�WKH�EDVHOLQH�GHVLJQ��WKH�WRWDO�YROXPH�
RI�WKH�SXOVH�WXEHV���1 ��937 �LV�DSSUR[LPDWHO\�����WKH�RSHUDWLQJ�YROXPH�RI�WKH�YHVVHO��
�
7KHUH�DUH�WKUHH�SKDVHV�WR�WKH�RSHUDWLRQ�RI�WKH�3-0���'XULQJ�WKH�GULYH�SKDVH��WKH�WXEH�LV�SUHVVXUL]HG�DQG�D�
YROXPH�RI�VOXUU\�LV�GLVFKDUJHG���7KH�OHYHO�FKDQJH�LQ�WKH�WXEH�GXULQJ�GLVFKDUJH�LV���∆/ ���7KH�FRUUHVSRQGLQJ�
LQFUHDVH�LQ�ZDVWH�OHYHO�LV���∆+ �ZKHUH�
�

� � � �
��
∆+ =1∆/ '37�

'7� − 1'37�
 

 
 
 

 

 
 
 ���SDUWLDOO\�VXEPHUJHG�3-0V�� �$����
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7\SLFDO�YDOXHV�RI���∆+ �DUH�DERXW�����RI�WKH�RSHUDWLQJ�OHYHO���+ ���7KH�DYHUDJH�YHORFLW\���X��GLVFKDUJHG�
GXULQJ�WKH�GULYH�SKDVH�LV�JLYHQ�E\�
�

� � � �
��
X� = '37�

G ��
∆/
W'

� �$����

�
ZKHUH���W'�LV�WKH�GULYH�WLPH���
�
7KH�GULYH�SUHVVXUH����S'��UHTXLUHG�WR�SURGXFH�WKH�GLVFKDUJH�YHORFLW\�LV�JLYHQ�E\�
�
� � � � ��S' = SH + &/

� ρX�� � �$����
�

ZKHUH���SH �LV�WKH�SUHVVXUH�KHDG�DW�WKH�H[LW�RI�WKH�QR]]OH����&/ �LV�WKH�QR]]OH�ORVV�FRHIILFLHQW��DQG�ρ �LV�WKH�
VOXUU\�GHQVLW\���7KH�RWKHU�WZR�SKDVHV�RI�3-0�RSHUDWLRQ�DUH�WKH�YHQW�SKDVH�DQG�VXFWLRQ�SKDVH���
�
,PPHGLDWHO\�DIWHU�WKH�GULYH�SKDVH��D�YHQW�LV�RSHQHG�DQG�H[FHVV�SUHVVXUH�LV�DOORZHG�WR�YHQW�WR�WKH�DWPRV�
SKHUH���'XULQJ�WKH�VXFWLRQ�SKDVH��YDFXXP�LV�DSSOLHG�WR�WKH�SXOVH�WXEH���7KH�WXEH�ILOOV�GXH�WR�D�FRPELQDWLRQ�
RI�WKH�DSSOLHG�YDFXXP�DQG�WKH�GLIIHUHQFH�LQ�K\GURVWDWLF�KHDG�EHWZHHQ�WKH�ZDVWH�OHYHO�DQG�WKH�OHYHO�LQ�WKH�
WXEH���7KH�YHQW�WLPH�DQG�VXFWLRQ�WLPH�DUH�JLYHQ�E\���W9�DQG���W6 ��UHVSHFWLYHO\���7KH�WRWDO�F\FOH�WLPH�IRU�3-0�
RSHUDWLRQ�LV�JLYHQ�E\�
�
� � � � ��W& = W' + W9 + W6 � �$����
�
,W�LV�LPSRUWDQW�WR�HPSKDVL]H�WKDW�WKH�DYHUDJH�GULYH�YHORFLW\�JLYHQ�E\�(T������LV�ERWK�VSDWLDOO\�DQG�WHP�
SRUDOO\�DYHUDJHG���6SDWLDOO\��WKH�YHORFLW\�ZLOO�YDU\�RYHU�WKH�FURVV�VHFWLRQ�RI�WKH�QR]]OH���7HPSRUDOO\��WKH�
YHORFLW\�YDULHV�GXH�WR�LQHUWLDO�HIIHFWV���:KHQ�WKH�GULYH�SKDVH�LV�RYHU��VRPH�IOXLG�FRQWLQXHV�WR�GLVFKDUJH�
GXH�WR�WKH�LQHUWLD�RI�WKH�PRYLQJ�FROXPQ�RI�IOXLG���7KHVH�LQHUWLDO�HIIHFWV�DUH�GHSHQGHQW�RQ�WKH�SK\VLFDO�VL]H�
RI�WKH�V\VWHP���7KH�DFWXDO�YHORFLW\�YDULHV�VRPHZKDW�RYHU�WKH�RSHUDWLQJ�F\FOH��DV�VKRZQ�LQ�)LJXUH�$�����
�
)RU�FRPSDULQJ�3-0�RSHUDWLRQ�DW�GLIIHUHQW�VFDOHV��YDULRXV�DYHUDJH�YHORFLWLHV�FDQ�EH�FRQVLGHUHG���2QH�LV�WKH�
DUHD�DYHUDJHG�YHORFLW\��JLYHQ�E\��
�
� � � �

��
X�DUHD = �

W3 − WP
XGWWP

W'∫ �� �$����
�
$QRWKHU�LV�WKH�WUXH�DYHUDJH�YHORFLW\�JLYHQ�E\�
�

� � � �
��
X�GLVFK = '37�

G��
∆/$
W'$

� �$����

�
ZKHUH���∆/$ �DQG���W'$DUH�WKH�DFWXDO�PHDVXUHG�OHYHO�FKDQJH�DQG�GULYH�WLPHV�LQ�WKH�SXOVH�WXEH���*HQHUDOO\��
(TXDWLRQ��$����ZLOO�SURGXFH�KLJKHU�YHORFLWLHV�WKDQ�(TXDWLRQ��$�����
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+

'7

∆+

∆/ 937
97

G�

'37

�
)LJXUH�$�����,OOXVWUDWLRQ�RI�D�7\SLFDO�3-0�6\VWHP�LQ�D�:DVWH�7UHDWPHQW�3ODQW�9HVVHO�

�
�

�
5HILOO

8

WLPH

8PD[
8HQG

W'W0

(QG�RI
3UHVVXUL]DWLRQ

6WDUW�RI
3UHVVXUL]DWLRQ

W'$

,QHUWLDO
'HFHOHUDWLRQ

(QG�RI
'LVFKDUJH

,QHUWLDO
$FFHOHUDWLRQ

3ULPDU\
'LVFKDUJH

0D[LPXP
'LVFKDUJH

W� ��
�

�
)LJXUH�$�����,OOXVWUDWLRQ�RI�7HPSRUDO�9DULDWLRQ�RI�9HORFLW\�'XULQJ�3-0�2SHUDWLRQ�
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$���

$��� ,PSRUWDQW�3URSHUWLHV��3DUDPHWHUV��DQG�1RQ�'LPHQVLRQDO�*URXSV�
�
7KH�IROORZLQJ�LV�D�OLVW�RI�SHUWLQHQW�ZDVWH�SURSHUWLHV�DQG�V\VWHP�SDUDPHWHUV�WR�EH�XVHG�LQ�IRUPLQJ�QRQ�
GLPHQVLRQDO�SDUDPHWHU�JURXSV��
�

�� :DVWH�SURSHUWLHV�
�

ρ � � VOXUU\�GHQVLW\��NJ�P����DVVXPHV�ZHOO�PL[HG�VOXUU\�ZLWK�QR�VHWWOLQJ��
��τ V� � VOXUU\�VKHDU�VWUHQJWK��3D��
��τ� � � ODPLQDU�IORZ�\LHOG�VWUHVV��3D���IURP�%LQJKDP�SODVWLF�ILW�RI�ZDVWH�UKHRJUDP��
��. � � ODPLQDU�IORZ�FRQVLVWHQF\��P3D�V���DVVXPHG�WR�EH�HIIHFWLYH�1HZWRQLDQ�YLVFRVLW\��µ ��LQ�

WXUEXOHQW�UHJLRQ��
��W UHO�� VOXUU\�UHOD[DWLRQ�WLPH��V���FKDUDFWHULVWLF�UHVSRQVH�WLPH�RI�JHOOHG�VOXUU\�WR�DQ�LPSXOVH��

�
�� 3K\VLFDO�SDUDPHWHUV�
�

��X�� � QRPLQDO�3-0�MHW�YHORFLW\��P�V���PD\�EH�UHSODFHG�ZLWK�DQ�DYHUDJHG�YHORFLW\��
��G �� � 3-0�QR]]OH�GLDPHWHU��P��
��W'� � 3-0�QRPLQDO�GULYH�WLPH��V���RU�DFWXDO�GULYH�WLPH��
��WF � � F\FOH�WLPH��V��
��+ � � ZDVWH�ILOO�OHYHO��P��
��9� � YHVVHO�YROXPH��P���
��937 � SXOVH�WXEH�YROXPH��P���
��S� � DYHUDJH�K\GURVWDWLF�SUHVVXUH���ρJ+� ���3D��
��4��� 3-0�IORZ�UDWH��SHU�SXOVH�����π � ��X�G�� ��P��V��
��3� � � 3-0�K\GUDXOLF�SRZHU��SHU�SXOVH�����π � ��ρX��G�� ��:��

�
7KH�UHOHYDQW�QRQ�GLPHQVLRQDO�SDUDPHWHU�JURXSV�IRU�WKH�SK\VLFDO�V\VWHP�DUH�DV�IROORZV��
�

<LHOG�5H\QROGV�QXPEHU��
��
5Hτ = ρX��

τ V
�

�
7KLV�LV�WKH�UDWLR�RI�G\QDPLF�VWUHVV�WR�VOXUU\�VWUHQJWK�ZKLFK�GLUHFWO\�DIIHFWV�VL]H�RI�WKH�PL[LQJ�FDYHUQ��,W�LV�
FRQVLGHUHG�D�GRPLQDQW�QRQ�GLPHQVLRQDO�SDUDPHWHU��
�
-HW�5H\QROGV�QXPEHU�� �

��
5H� = ρX�G �

µ
��

�
7KLV�LV�WKH�UDWLR�RI�G\QDPLF�VWUHVV�WR�YLVFRXV�VWUHVV���,W�DIIHFWV�WKH�GHJUHH�RI�WXUEXOHQFH�LQ�WKH�PL[HG�UHJLRQ�
DV�ZHOO�DV�ZHDNO\�DIIHFWLQJ�VWUHVVHV�DW�WKH�FDYHUQ�DQG�ERXQGDU\�OD\HUV���,W�LV�FRQVLGHUHG�D�VHFRQGDU\�QRQ�
GLPHQVLRQDO�SDUDPHWHU��
�
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1RQ�1HZWRQLDQ�VWUHVV�UDWLR��
��
1τ = τV

τ�
� �

�
7KLV�LV�WKH�UDWLR�RI�VKHDU�VWUHQJWK�WR�%LQJKDP�\LHOG�VWUHVV��,W�PD\�DIIHFW�ERXQGDU\�OD\HU�VWUXFWXUH�DQG�
SRVVLEO\�WKH�IULFWLRQ�FRHIILFLHQW�DW�WKH�FDYHUQ�ERXQGDU\��7KH�LPSRUWDQFH�RI�WKLV�SDUDPHWHU�LV�FRQVLGHUHG�
ORZ��
�
6WURXKDO�QXPEHU��� �

��
6� = W'X�

G �
�

�
7KLV�LV�WKH�UDWLR�RI�SXOVH�WLPH�WR�IORZ�WLPH�VFDOH���,W�DIIHFWV�WKH�GHJUHH�WR�ZKLFK�IORZ�DSSURDFKHV�VWHDG\�MHW�
EHKDYLRU�DQG�LV�FRQVLGHUHG�D�SULPDU\�QRQ�GLPHQVLRQDO�SDUDPHWHU���,Q�WKH�OLPLW�RI�VWHDG\�MHW�IORZV��WKH�
6WURXKDO�1XPEHU�EHFRPH�LQILQLWH��DQG�WKH�HIIHFWV�RI�SXOVDWLRQ�DUH�QR�ORQJHU�SUHVHQW���)RU�VPDOO�6WURXKDO�
QXPEHU��WKH�PL[LQJ�EHKDYLRU�ZLOO�EH�KLJKO\�GRPLQDWHG�E\�SXOVDWLRQ�HIIHFWV��
�
'HERUDK�QXPEHU�� �

��
'� = W'

7V
�

�
7KLV�LV�WKH�UDWLR�RI�SXOVH�WLPH�WR�PDWHULDO�UHVSRQVH�WLPH��,W�DIIHFWV�KRZ�ZHOO�QRQ�VWHDG\�IORZ�DW�FDYHUQ�
PRELOL]HV�JHOOHG�VOXUU\�DQG�LV�FRQVLGHUHG�D�VHFRQGDU\�QRQ�GLPHQVLRQDO�SDUDPHWHU���
�
3UHVVXUH�UDWLR�� � �

��
SD

ρJ+ �
�
7KLV�LV�WKH�UDWLR�RI�DPELHQW�SUHVVXUH�WR�VWDWLF�KHDG��,W�DIIHFWV�WKH�VFDOLQJ�RI�JUDYLW\�UHILOO�RI�D�3-0�EXW�
VKRXOG�QRW�DIIHFW�WKH�GLVFKDUJH�IORZ���
�

'HQVLPHWULF�)URXGH�QXPEHU��
��
)� = ρX��

∆ρJ+ �
�
7KLV�LV�WKH�UDWLR�RI�WKH�SRWHQWLDO�HQHUJ\�WR�NLQHWLF�HQHUJ\�RI�IORZ��,W�UHTXLUHV�GHQVLW\�VWUDWLILFDWLRQ�DQG�
DIIHFWV�WKH�DELOLW\�RI�D�MHW�WR�WUDQVSRUW�PDWHULDO�XSZDUG��7KH�LPSRUWDQFH�RI�WKLV�SDUDPHWHU�LV�FRQVLGHUHG�
ORZ�GXH�WR�PLQLPDO�VROLGV�VHWWOLQJ�LQ�WKH�WXUEXOHQW�UHJLRQ��
�
$��� *HRPHWULF�6FDOLQJ�$SSURDFK�
�
7KH�QRQ�1HZWRQLDQ�WHVW�SURJUDP�XVHV�JHRPHWULF�VFDOLQJ���:H�GHILQH�WKH�JHRPHWULF�VFDOH�IDFWRU�V�DV�
�
� � � �

��
V = //

/6
� �$����

�
ZKHUH���// �LV�DQ\�FKDUDFWHULVWLF�OLQHDU�GLPHQVLRQ�RI�WKH�ODUJH�VFDOH�V\VWHP��VXFK�DV�WDQN�GLDPHWHU��QR]]OH�
GLDPHWHU��ZDVWH�OHYHO��HWF�����$W�VPDOO�VFDOH��HYHU\�OLQHDU�GLPHQVLRQ����/6 ��LV�UHGXFHG�RU�VFDOHG�E\���V ��
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�L�H�����G �6 = G �/ � V ����'76 = '7/ � V ����+6 = +/ �V ����+HQFH�WKH�LGHDO�VPDOO�VFDOH�WHVW�LV�DQ�H[DFW�JHRPHWULF�
PLQLDWXUH�RI�WKH�ODUJH�V\VWHP��ZLWK�DOO�DUHDV�VFDOHG�DFFRUGLQJ�WR��
�
� � � �

��
$ V = �

V�
$/ � �$����

�
DQG�DOO�YROXPHV�VFDOHG�DFFRUGLQJ�WR�
�
� � � �

��
9V = �

V�
9/ � �$�����

�
7\SLFDOO\�LQ�VFDOHG�IOXLG�PL[LQJ�WHVWV��VFDOH�IDFWRUV�XS�WR�DERXW����DUH�FRQVLGHUHG�DFFHSWDEOH��WKDW�LV��PXFK�
RI�WKH�LPSRUWDQW�SK\VLFV�FDQ�EH�FDSWXUHG�DW�VPDOO�VFDOH���)RU�WKH�QRQ�1HZWRQLDQ�WHVW�SURJUDP��FRQVHUYD�
WLYH�VFDOH�IDFWRUV�LQ�WKH�UDQJH�RI���WR���ZHUH�VHOHFWHG�GXH�WR�WKH�UHODWLYHO\�QHZ�QDWXUH�RI�WKH�WHVWV�DQG�WKH�
LPSRUWDQFH�RI�WKH�RXWFRPH���
�
:KHQ�WHVWLQJ�DW�VPDOO�VFDOH��RQH�PXVW�GHWHUPLQH�KRZ�WR�VFDOH�YHORFLW\��L�H���3-0�GULYH�YHORFLW\���X�����2QH�
FKRLFH�LV�WR�VFDOH�YHORFLW\�E\�WKH�VFDOH�IDFWRU���7KLV�LV�SUREOHPDWLF��KRZHYHU��EHFDXVH�LW�WHQGV�WR�UHGXFH�WKH�
5H\QROGV�QXPEHU�E\�����V� �DQG�LQWURGXFH�IXUWKHU�GLIILFXOWLHV�ZLWK�WKH�VFDOLQJ�RI�WLPH���$�EHWWHU�FKRLFH�LV�WR�
NHHS�MHW�YHORFLW\�FRQVWDQW�DW�ERWK�VFDOHV��
�
� � � � ��X�6 = X�/ � �$�����
�
:LWK�JHRPHWULF�VFDOLQJ�DQG�FRQVWDQW�YHORFLW\�VFDOLQJ��QR]]OH�IORZ�UDWHV�SHU�SXOVH�VFDOH�DFFRUGLQJ�WR�
�
� � � � ��4�6 =4�/ � V� � �$�����
�
-HW�K\GUDXOLF�SRZHU�DOVR�VFDOHV�VLPLODUO\���+RZHYHU��SRZHU�SHU�XQLW�YROXPH�VFDOHV�DFFRUGLQJ�WR�
�
� � � �

��
3�
9

 

 
  
6

= V 3�9
 

 
  
/
� �$�����

�
)RU�VWHDG\�MHW�PL[LQJ��WLPH�GRHV�QRW�FRPH�LQWR�SOD\���+RZHYHU��3-0�RSHUDWLRQ�LV�D�SHULRGLF�SURFHVV���
7KHUHIRUH��WKH�VFDOLQJ�RI�WLPH�PXVW�EH�DGGUHVVHG���
�
,I�YHORFLW\�LV�KHOG�FRQVWDQW�DQG�WKH�JHRPHWU\�LV�VFDOHG��WKHQ�LW�IROORZV�WKDW�DOO�LPSRVHG�WLPH�VFDOHV�PXVW�EH�
UHGXFHG�DW�VPDOO�VFDOH���6LPLODUO\��WR�NHHS�WKH�MHW�GLVFKDUJH�YHORFLW\�WKH�VDPH�ZKLOH�VFDOLQJ�SXOVH�YROXPH�
JHRPHWULFDOO\��WKH�SXOVH�WLPH�ZLOO�EH�UHGXFHG�E\�WKH�VFDOH�IDFWRU�DFFRUGLQJ�WR��
�
� � � � ��W'6 = �

V W'/ � �$�����
�

+HQFH�WKH�3-0�GULYH�WLPH��DV�ZHOO�DV�UHILOO�WLPH�DQG�F\FOH�WLPH��DUH�DOO�UHGXFHG�E\���V �DW�VPDOO�VFDOH��
�
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$���

$��� 6FDOLQJ�1RQ�'LPHQVLRQDO�3DUDPHWHUV�
�
,Q�JHQHUDO��IRU�D�JLYHQ�QRQ�1HZWRQLDQ�3-0�PL[LQJ�WHVW��WKH�QRQ�GLPHQVLRQDO�FDYHUQ�SRVLWLRQ�VKRXOG�
GHSHQG�RQ�DOO�RI�WKH�QRQ�GLPHQVLRQ�SDUDPHWHU�JURXSV��
�
� � � �

��
+&
'7

= I 5Hτ �5H� �1τ �6��'��)�( )� �$�����
�

6LPLODUO\��QRQ�GLPHQVLRQDO�PL[LQJ�WLPH��WLPH�WR�VWHDG\�FDYHUQ�IRUPDWLRQ��WLPH�WR�EUHDN�WKURXJK��RU�WLPH�
WR�IXOO�PRELOL]DWLRQ��VKRXOG�GHSHQG�RQ�WKH�VDPH�SDUDPHWHUV��
�
� � � �

��
W0
W'

= J 5Hτ �5H� �1τ �6��'��)�( )� �$�����
�

7KH�LGHDO�VPDOO�VFDOH�WHVW�LV�RQH�ZKHUH�WKH�PHDVXUHG�QRQ�GLPHQVLRQDO�FDYHUQ�KHLJKW�DQG�PL[LQJ�WLPH�DUH�
WKH�VDPH�DV�WKRVH�DW�IXOO�VFDOH���+HQFH��WKH�H[WHQW�WR�ZKLFK�WKH�QRQ�GLPHQVLRQDO�SDUDPHWHUV�VFDOH�ZLOO�
GHWHUPLQH�WKH�VXFFHVV�RI�WKH�VPDOO�VFDOH�WHVW�DSSURDFK��
�
7R�WKLV�HQG��ZH�FRQVLGHU�KRZ�HDFK�RI�WKH�QRQ�GLPHQVLRQDO�SDUDPHWHUV�VFDOH�ZLWK�WKH�JHRPHWULF�VFDOH�
IDFWRU���V ��
�
<LHOG�5H\QROGV�1XPEHU�� � ��5Hτ6 = 5Hτ/ �
�
7KH�\LHOG�5H\QROGV�QXPEHU�ZLOO�EH�WKH�VDPH�DW�ERWK�VFDOHV�VR�ORQJ�DV�WKH�VLPXODQW�XVHG�KDV�WKH�VDPH�
VKHDU�VWUHQJWK���τ V��
�
-HW�5H\QROGV�1XPEHU�� � � ��5H�V = �

V 5H�/ ��
�
7KH�5H\QROGV�QXPEHU�DW�VPDOO�VFDOH�LV�UHGXFHG�E\�WKH�JHRPHWULF�VFDOH�IDFWRU���7KLV�VKRXOG�LQWURGXFH�RQO\�
PLQRU�GLIIHUHQFHV�LQ�WHVW�UHVXOWV�VLQFH�WKH�5H\QROGV�QXPEHUV�LQ�ERWK�WHVWV�DUH�TXLWH�ODUJH���:KHWKHU�WKH�
UHGXFWLRQ�LQ�5H\QROGV�QXPEHU�SURGXFHV�FRQVHUYDWLYH�UHVXOWV��L�H���ORZHU�FDYHUQV��DW�VPDOO�VFDOH�LV�QRW�
FOHDU�GXH�WR�WKH�FRPSHWLQJ�HIIHFWV�RI�5H\QROGV�QXPEHU�RQ�MHW�VWUXFWXUH�DQG�IULFWLRQ�FRHIILFLHQWV���7KH�
SRWHQWLDO�QHHG�IRU�D�PLQRU�5H\QROGV�QXPEHU�FRUUHFWLRQ�WR�VPDOO�VFDOH�UHVXOWV�VKRXOG�EH�HYLGHQW�IURP�WKH�
VFDOLQJ�WHVWV���,I�QHFHVVDU\��WKH�5H\QROGV�QXPEHU�FDQ�EH�PDWFKHG�DW�VPDOO�VFDOH�E\�UHGXFLQJ�WKH�
FRQVLVWHQF\�RU�YLVFRVLW\�E\�WKH�IDFWRU�����V ��
�
1RQ�1HZWRQLDQ�VWUHVV�UDWLR�� ��1τ6 = 1τ/ �
�
7KH�QRQ�1HZWRQLDQ�VWUHVV�UDWLR�ZLOO�EH�WKH�VDPH�DW�ERWK�VFDOHV�LI�WKH�VDPH�VLPXODQW�LV�XVHG��
�
6WURXKDO�QXPEHU��� � ��6�6 = 6�/ �
�
7KH�6WURXKDO�QXPEHU�ZLOO�EH�WKH�VDPH�DW�ERWK�VFDOHV��
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'HERUDK�QXPEHU�� � ��'�6 = �
V '�/ �

�
7KH�'HERUDK�QXPEHU�ZLOO�EH�VPDOOHU�LQ�WKH�VPDOO�VFDOH�WHVWV���,I�WKH�'HERUDK�QXPEHU�LV�ODUJH�RYHUDOO��WKH�
HIIHFW�ZLOO�EH�QHJOLJLEOH���,I�'HERUDK�LV�FORVH�WR�XQLW\��WKHQ�WKH�VPDOO�VFDOH�UHVXOWV�ZLOO�EH�FRQVHUYDWLYH���
�
'HQVLPHWULF�)URXGH�QXPEHU�� ��)�6 = V)�6 �
�
7KH�GHQVLPHWULF�)URXGH�QXPEHU�ZLOO�EH�ODUJHU�DW�VPDOO�VFDOH���7KLV�ZRXOG�SURGXFH�QRQ�FRQVHUYDWLYH�
UHVXOWV�DW�VPDOO�VFDOH�VKRXOG�WKH�HIIHFW�EH�LPSRUWDQW���6R�ORQJ�DV�VLPXODQWV�ZLWK�YHU\�VORZ�SDUWLFOH�VHWWOLQJ�
DUH�XVHG��WKLV�HIIHFW�VKRXOG�EH�QHJOLJLEOH���
�
$���6XPPDU\�RI�6FDOHG�7HVW�$SSURDFK�
�
%\�ZD\�RI�VXPPDU\��WKH�SULPDU\�QRQ�GLPHQVLRQDO�SDUDPHWHUV�UHTXLUHG�IRU�VPDOO�VFDOH�WHVWLQJ�DUH�WKH�
\LHOG�5H\QROGV�QXPEHU���5Hτ ��DQG�WKH�6WURXKDO�QXPEHU���6����,I�WKHVH�DUH�PDWFKHG�DW�ODUJH�DQG�VPDOO�VFDOH��
WKHQ�ZH�H[SHFW��WR�ILUVW�RUGHU��QRQ�GLPHQVLRQDO�FDYHUQ�KHLJKWV�DQG�PL[LQJ�WLPHV�WR�EH�WKH�VDPH��
�
� � � �

��
+&
'7

 

 
  
6

≈ +&
'7
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DQG�
� � � �

��
W0
W'

 

 
  
6

≈ W0
W'

 

 
  
/
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�
*LYHQ�WKDW�IXOO�VFDOH�FDYHUQ�KHLJKWV�DUH�DGHTXDWHO\�SUHGLFWHG�E\�UHGXFHG�VFDOH�WHVWLQJ��LW�IROORZV�WKDW�
VSHFLILFDWLRQ�RI�3-0�RSHUDWLRQ�SDUDPHWHUV�VXIILFLHQW�WR�DFKLHYH�FRPSOHWH�PL[LQJ��QR�VWDJQDQW�UHJLRQV��DW�
UHGXFHG�VFDOH�ZLOO�SURGXFH�GHVLJQV�WKDW�DOVR�SURYLGH�FRPSOHWH�PL[LQJ�DW�IXOO�VFDOH���)XUWKHU��WHVWLQJ�DW�
UHGXFHG�VFDOH�ZLOO�SURYLGH�D�GHJUHH�RI�FRQVHUYDWLVP�VR�ORQJ�DV�WKH�FRQVLVWHQF\��N��RI�WKH�VLPXODQW�LV�WKH�
VDPH�DV�WKH�IXOO�VFDOH�ERXQGLQJ�YDOXH��7KLV�LV�WUXH�VLQFH�WKH�MHW�5H\QROGV�QXPEHU�ZLOO�EH�VPDOOHU�LQ�WKH�
VFDOHG�WHVW�WKDQ�LQ�WKH�IXOO�VFDOH�V\VWHP��
�
� � � � ��5H�V = �

V 5H�/ � �$�����
�
,I�DGHTXDWH�PL[LQJ�LV�DFKLHYHG�LQ�D�UHGXFHG�VFDOH�WHVW��WKHQ�LW�FDQ�EH�H[SHFWHG�WKDW�WKH�GHJUHH�RI�
WXUEXOHQFH�ZLOO�EH�JUHDWHU�LQ�WKH�IXOO�VFDOH�YHVVHO�GXH�WKH�DVVRFLDWHG�HIIHFW�RI�LQFUHDVHG�MHW�5H\QROGV�
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7KH�FRQFHQWUDWLRQ�RI�G\H�>LQ�WKLV�FDVH�)RRG�'\H�&RORU�1R������%ULOOLDQW�%OXH�)&)���%%�)&)�@�LQ�DQ�
DTXHRXV�VDPSOH�ZDV�GHWHUPLQHG�WKURXJK�WKH�FRUUHODWLRQ�VKRZQ�LQ�)LJXUH�%�����7KLV�FRUUHODWLRQ�IROORZV�
%HHU¶V�ODZ��ZKLFK�VD\V�WKDW�WKH�G\H�FRQFHQWUDWLRQ�LV�SURSRUWLRQDO�WR�WKH�RSWLFDO�DEVRUEDQFH�YDOXH�RI�WKH�
G\H�DW�WKH�PRGH�ZDYHOHQJWK���7KH�PRGH�ZDYHOHQJWK�IRU�%%�)&)�LV�DSSUR[LPDWHO\�����QP���7KH�UHVXOWV�
DUH�RQO\�YDOLG�RYHU�D�FHUWDLQ�UHJLRQ�RI�G\H�FRQFHQWUDWLRQ���)URP�YLVXDO�LQVSHFWLRQ�RI�)LJXUH�%����WKH�OLQHDU�
UHJLRQ�LV�SUHVHQW�XS�WR�DQ�DEVRUEDQFH�YDOXH�RI������a��SSP�)&'�����:KHQ�WKH�G\H�FRQFHQWUDWLRQ�LV�DERYH�
WKLV�OHYHO�WKH�VDPSOH�PXVW�EH�GLOXWHG�ZLWK�ZDWHU�DQG�UHPHDVXUHG���7KH�RULJLQDO�G\H�FRQFHQWUDWLRQ�FDQ�EH�
FDOFXODWHG�E\�NQRZLQJ�WKH�TXDQWLW\�RI�ZDWHU�XVHG�IRU�WKH�GLOXWLRQ��
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GLIIHUHQFHV�LQ�WKH�DPRXQW�RI�G\H�DEVRUEHG�ZHUH�PHDVXUHG�IURP�VDPSOH�WR�VDPSOH���7KH�OLQHDU�LVRWKHUP�
DVVXPSWLRQ�DOORZV�IRU�WKH�XVH�RI�(TXDWLRQ�%���WR�FDOFXODWH�SHUFHQW�PL[HG�LQ�D�3-0�WHVW���
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)LJXUH�%�����/LQHDU�)LW�RI�,VRWKHUP�'DWD�RYHU�WKH�/LQHDU�%HHU¶V�/DZ�5HJLRQ�
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$�SRO\QRPLDO�ILW�WR�RQH�RI�WKH�LVRWKHUP�GDWD�VHWV�LV�VKRZQ�LQ�)LJXUH�%�����8VH�RI�WKLV�ILW�DOORZV�IRU�DQ�
HVWLPDWLRQ�RI�WKH�HUURU�LQFXUUHG�WKURXJK�WKH�DVVXPSWLRQ�RI�D�OLQHDU�LVRWKHUP���7KLV�HUURU�LV�HVWLPDWHG�E\�
FDOFXODWLQJ�WKH�GLIIHUHQFH�LQ�WKH�SHUFHQW�PL[HG�EHWZHHQ�(TXDWLRQV�%���DQG�%�����7R�SHUIRUP�WKLV�
FDOFXODWLRQ�WKH�FRUUHODWLRQ�VKRZQ�LQ�)LJXUH�%���LV�XVHG�WR�FDOFXODWH�WKH�.G�YDOXHV�RI�HDFK�VDPSOH�LQ�WKH�
FDOFXODWLRQ���$�FRQVHUYDWLYH�HVWLPDWLRQ�RI�WKH�VROLGV�ORDGLQJ�LQ�HDFK�VDPSOH�LV�DVVXPHG�DW����ZW��VROLGV�
���ZW��OLTXLG��
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ZKHUH�

.GI� LV�WKH�GLVWULEXWLRQ�FRHIILFLHQW�DW�WKH�KRPRJHQL]HG�WDQN�WUDFHU�FRQFHQWUDWLRQ�

.GR� LV�WKH�GLVWULEXWLRQ�FRHIILFLHQW�DW�WKH�LQLWLDO�EDVHOLQH�WUDFHU�FRQFHQWUDWLRQ�

.GM� LV�WKH�GLVWULEXWLRQ�FRHIILFLHQW�DW�WKH�M�WK�WDQN�VDPSOH�WUDFHU�FRQFHQWUDWLRQ�
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�
'XULQJ�SURWRW\SH�WHVWLQJ��(TXDWLRQ�%���ZDV�XVHG�WR�FDOFXODWH�D�IUDFWLRQ�PL[HG�IRU�HDFK�VDPSOH�DW�HDFK�
VDPSOH�ORFDWLRQ���7KHVH�VDPSOHV�ZHUH�GUDZQ�IURP�GLIIHUHQW�ORFDWLRQV�LQ�WKH�WHVWLQJ�YHVVHO���6DPSOH�
ORFDWLRQV�������DQG���DUH�IURP�VHSDUDWH�SXOVH�WXEHV�DQG�UHSUHVHQW�WKH�FRPSRVLWLRQ�RI�WKH�PL[LQJ�FDYHUQ�
�VHH�6HFWLRQ����������/RFDWLRQV���DQG���ZHUH�ORFDWHG�QHDU�WKH�WDQN�ZDOO�DW�ORZ�DQG�KLJK�HOHYDWLRQV��
UHVSHFWLYHO\���'XULQJ�WKH�ILUVW�UXQ�RI�D�WHVW�VHTXHQFH��VDPSOHV�IURP�ORFDWLRQV�������DQG���ZHUH�WDNHQ�
DSSUR[LPDWHO\�HYHU\����PLQXWHV�DIWHU�FRPSOHWLRQ�RI�G\H�LQMHFWLRQ���$IWHU����PLQXWHV�RI�RSHUDWLRQ��
VDPSOHV�ZHUH�GUDZQ�IURP�DOO�VDPSOH�ORFDWLRQV�DQG�WKH�QH[W�UXQ�H[SHULPHQWDO�FRQGLWLRQ�ZDV�HPSOR\HG���
'XULQJ�VXEVHTXHQW�UXQ�FRQGLWLRQV��VDPSOHV�IURP�ORFDWLRQV�������DQG���ZHUH�WDNHQ�HYHU\����PLQXWHV���$IWHU�
������PLQXWHV�RI�RSHUDWLRQ��VDPSOHV�ZHUH�GUDZQ�IURP�DOO�VDPSOH�ORFDWLRQV�DQG�WKH�QH[W�UXQ�H[SHULPHQWDO�
FRQGLWLRQ�ZDV�HPSOR\HG���7KH�IUDFWLRQ�RI�WKH�WDQN�PL[HG�FDOFXODWHG�IURP�HDFK�VDPSOH�LV�VKRZQ�LQ�
)LJXUHV�%���WKURXJK�%���IRU�/6�WHVW�VHTXHQFHV�����������DQG�����UHVSHFWLYHO\���)LJXUHV�%���DQG�%���VKRZ�
WKH�IUDFWLRQ�PL[HG�UHVXOWV�IRU�8)3�WHVW�VHTXHQFHV���DQG��%��
�
7KH�ILQDO�IUDFWLRQ�PL[HG�YDOXH�ZDV�GHWHUPLQHG�DV�WKH�PLQLPXP�IUDFWLRQ�PL[HG�IURP�WKH�ORFDWLRQV�������
DQG���RI�WKH�ODVW�VDPSOH�RI�D�WHVW�UXQ���7KLV�UHSUHVHQWV�WKH�IUDFWLRQ�PL[HG�YDOXH�DVVRFLDWHG�ZLWK�KLJKHVW�G\H�
FRQFHQWUDWLRQ�LQ�WKH�FDYHUQ�DIWHU�DSSUR[LPDWHO\���±���PLQXWHV�RI�RSHUDWLRQ���$V�GLVFXVVHG�DERYH��WKH�
HUURU�DVVRFLDWHG�ZLWK�WKH�OLQHDU�LVRWKHUP�DSSUR[LPDWLRQ�LV�HVWLPDWHG�WKURXJK�WKH�XVH�RI�(TXDWLRQ�%�����,Q�
WKH�ZRUVW�FDVH��W\SLFDO�HUURUV�GXH�WR�WKLV�DVVXPSWLRQ�DUH�DSSUR[LPDWHO\�OHVV�WKDQ��������IUDFWLRQ�PL[HG��
WKH�HUURU�JRHV�WR�]HUR�DV�WKH�IUDFWLRQ�PL[HG�DSSURDFKHV�XQLW\���7KH�ILQDO�IUDFWLRQ�RI�WKH�WDQN�PL[HG�
FDOFXODWHG�IURP�HDFK�UXQ�LV�VKRZQ�LQ�7DEOHV�%���WKURXJK�%���IRU�/6�WHVW�VHTXHQFHV�����������DQG�����
UHVSHFWLYHO\���7DEOHV�%���DQG�%���VKRZ�WKH�IUDFWLRQ�PL[HG�UHVXOWV�IRU�8)3�WHVW�VHTXHQFHV���DQG��%���
$OWKRXJK�WKH�1D&O�WUDFHU�WHFKQLTXH�LV�GLVFXVVHG�LQ�WKLV�GRFXPHQW��WKH�1D&O�WUDFHU�UHVXOWV�DUH�
VXSSOHPHQWDU\�WR�WKH�%%�G\H�UHVXOWV�DQG�ZLOO�EH�GLVFXVVHG�LQ�D�IXWXUH�UHSRUW��
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